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The laiige-scal« introduction oif new information technoloigies (NIT's) 
in. practically all sspheiw at intelkcfcual activity is u/ianim<«isly recog- 
niKed as that aingxUar developmmt whicii already afffjcts and will 
vcontinile t« «frf4>ct hiffher e«lut;ation for many years to come. Wm egard 
to mXV Mgliea* <?dUcfttion mstitutions are not simply called Ujoon to 
make r.6e of ttiem in theic teaching and researdi progra.i\mei} and to 
sii^t iiieiae projjrramwKij so as to ^esujre the training of hifgh-lnsvel esc- 
pentiae dm their utiiliBatiiom ; they are ' also expected to maintain a 
Jeadinig role in research and development for the further advancement 
of mr'a aitti for tiieir application in various branches <?.f the economy 
and in society as a who;Je. 

_ A Eilrcjj^ean symposium on "Hi^er Education, Re«e«xx;h and Humjcn 
Problems", os^mmd by Q^ICS in Hamburg, in 19«5, singled out the 
Sht«*dir' ction of NIT's ih higher educiition as a priority area for the 
it-uture activities of ' the • €finti«. The rcKommeflriation to that eflfect 
ai«opt«ici by ^ho partt<!ipflnt« referred to the alaboration of tai study of 
thf! use of K^c^i-bases and txirfoit,? otfter corrtpwcr-basedl ii)nforma6i.<m 
mtems in Kurojyfm Ugker educatim. Binm the scope of such uses ii> 
extremely wide, defying any attempt at providing an exhaustiive review, 
CBPES way advised to begin by p!re<pi4ring a collection piJ short state- 
otf-tihe-iart ai^tici«s on key aspe<&ts o< thits. vast topic. 

The present volume, direct outcome of the endeavour to 
implement the recommendation of 4Jh>s Hamburg symposium, presents 
experiences of universHies of various sizes and degrees of d«?vdopment 
in m<rfting .Xise o.f NIT's. They cover three main areas ; the mo-off .NIT's 
for (a) backing reseaodi in unii\'ersdties, (b) teaching at tl7.e higlier 
education level, and (c) tha computerize^l management of higher eduoas- 
tion instSitutions. • i . 

05JPKS Is very grateful U> Pro(fflssar Mircea Malitza of the Unf- 
iVersity of Bucharest and to his yownger colleague, Dr. Cristian Caludt\ 
ior having i?greed to assist in the challenging woris of elaborating this 
publloation. Profcwsor MaMtza, a fonner minister of education of Rtoma- 
nie^ .is t*ie author of a torge number of books, studies, and articles, 
indMdin^ a recent volume on "Fimdamentals of Aiiiificial Intelligenoe" 



irCttlEV'ORD 

I 

(Bwcharieel;, .1987). He hm ateo puiblished exiensiwly on issues relateld 
to pre«iHi;ft.t-<Uy iKitiicatiori and scieiwe. He is one of the authors of the 
■Clojib of Rome Retpori *No limits to Learning" (IQ-TO). 

My colleague, Professor Dtmiitm Clii^ran, has coordinated the 
planniing and >elaborf tion of the volimsje on behalf of CEPES. His broad 
contact in the woi-lid of European higher education and has backgrounid 
in the humanities have been instrumental in securing the co-operation 
ol various iiitemjatlonal organizations in ths project and ixi ass.uring a 
bal^tnce both between the disciplines and the countries refireseAfed in 
the volume. ^ 

We are aware cf the inherent shartcomin'gs of the book. As a 
^s^i^-<^yj^&r^if'y ,^\j^'\i!iiy of jreley^Tit practices and ^experiendesuin the 
i;jqU'i%iuic1a«b^^ i» hi^er. eduication, it ib hot, nor can liit aijm 

<ip ,i:>e, /e]Kha(^!S^t?^y€ elthfiar in the .g©o|gi;>3iphioal sei3is6 ^(there certainly are 
interesting. /expmehces in many eou^^tries jll the jRegion^ which coiidid 
not be. iawiiiusded, minly because of lack of space), or in the thenlatic 
sense (there ara pertpiijly jnany fields of research and rnaray disd'" 
l>lines;0f higher ediuo^tion, in which NIT's have made significant in*- 
roads whi-oh ^ire not reflected in- the bopk). More importantly, it is 
extremely diitfiouilt for a book of this Wnifl, about a field which is in 
constant and rapid develojpment, to be liiJ-to-date. By the time requested 
contributions arrived at CEPES, new developments' had ok»UCTed, \^^ 
woiuld have 'in^cated hew directiohS. an4Vi>ew ""tirends. In a few cases, 
it' was ppsiiible f^r CEI%S to obtain contfdb^jtfons reflecting such changes, 
hut Jh^re was the pbviovte danger of / ejcpiidiajg the boo^ to unmwii- 
ageablc ' proportions, and of delaydng- its production inidflflnitely. The 
ipr^ent oontdnt of th6 book i^< adcoidingly, the resoiU o'' a deoisioh made 
by CEPES and'by the' editors of the • book to lifr. .t H to the cbnitri- 
.butionB avtallftble. A possible u^jdating of the publicc .jn, in- the not too 
distant future, may be envis4Siged. ' 

There are many insia*litiO!hs,'oi<g4nizhti'0n8 and individuals to whom 
CEPES is indebted: for assistance in the 'Elaboration of this volume. The 
outline of the study was discussed With oGlleagUes in various divisions 
and . units of Unesco and in the Secretariat of the Standing Conference 
of Refrtors, Presidents; and Vice-Ohancellors of European- Ut3itv€i«litie8 
(GRffi). They *maide useful ^suggestions for its contents and for the iden- 
tification of authors. The Division for Higher Education and Reseanch 
of the Council of Europe, and the OECD Centre for Educational 
Research .and Inriovatton (CERI); through its Progtamme on Iftstitiifional 
Management in Mgher EJduoatiow (IMHE), plaioeci at the diepoAal of 
CEPISS relevant docAiiments and other material related to this topic. Ift 
fact, t\fro studies; one by M. Pelierey and the other' by R. Boudfvet, 
aei included in this vol-ume with th^ permissioii of the Council Of Eiirope 
"andi'df IMHE, respeettvely. . • j' . . 
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FOREWORD 



Special thanks are due to the European Association for Research 
and Development in Hiigher Education (EARDHE) far haiving agreed 
to allow OBPES, to publish, with the permission of their authors, a 
niihiber of papers presented at its 5th Congress (Utrecht, April 1987), 
which was devoied to *^Higher Eiduiation and New Technologies'*). 

Although tlie publication is meanc to reflect Euix>pean experiences 
and is thus aimed primarily at a European audience, we felt it to be our 
obligation in keeping with the universal mission of Unesco, to consider 
the implications of NIT's for the developing countries as well. We are 
therefore indebted to the Third World Academy of Sciences and to Dr. 
Mohan Munasinghe for the special contribution on this topic, prepared 
for the volume. 

Thanl^s are also due to Mr. Leland Barrows of the CSEPBS staff and 
to Miss Angela Clark of the University of London for lassistance in the 
linguistic editing of the te:ct. \ 

CEPES plans to pui^ue further its activities related to the intro- 
duction of NIT's in higher education. Thus, a regional symposium on 
'*The Advent of /irtificial Intelligence in Higher Bdiucation*' is .planneld 
for the autumn of 1989. The Centre will be most grateful to scholars 
and researchers, and also to administrate!^ and to students, who will 
send us their comments and suggestions for the further improvement of 
the CEPES programme in this field. 

Carin Berc 

Director of CEPES 



Motto : 

** People progress according to what they're 
^ ready fof\ 

Shirley Moc Laine 

THE IMPACT OF NIT'S ON HIGHER 
EDUCATION 

Christian CALUDE and Mircea MALITZA 
University of Bucharest, Romanit | 

Rhetoric is not responsible for the present fascination exerted bv 
the new technologies in every field of human endeavour. Indeed thev 
are, beang accepted universally and adopted on the basis of their de- 
monstrated and proven effectiveness. In the views of A Tovn'bee tech 
nologies ^re first in getUng across the bowler areas bewt^n cultures 
whereas ideas are the last to be disseminated. Paraphraslmfi Tovnbee's 
principle, one could ^ay that what emei«es naturally from the contact 
between two universities is an excharjge o/ experiences in ^ucational 
techriology. CJoi^troyersies arise the .m<?«ient a pedagogical doctrine is 
throjvn open for discussion. Nothing, circulates more- freely than tech- 
nologies the ^only fly in the ointmenrt; being tliat it is by no means easy 
M) corne by them. " 

Once it has been appUed <and sometimes — although rarely — oven 
iw 1 ^ technology splits the scientffic world 

mto enthusiasts, detrb<rCors, and neutrals. Every instiiutioh o(f higher 
^ut«atIon m Europe has introdoiced - on a larger or a smaller scall ~ 

slide projector, the film projector, closed-cimiit TV. the tape 
reorder, the cassette re<Sinder, the videb recoider, and the computir^ 
Each hmovatioft wd« expected to be a breakthrough. ' 

SoefJtics have been crfidcal of the new technologies on various 
counts, two of which, nici-it attention ; v« ^ n v<wiuui, 

l^Jl^u, T^^fl" ff^^ • passivity (which recalls the criticism 
levelled at the effects of television upon children) ; 

b) the dose relationship between the educational processes involved 
in the new te<?hi)plogies and the various psychological theories of con- 
ditioning antf of mechanical association., 

• Suoh justified criticism has prevented information technologies from 
acquirii.g a high status in education. They are regarded as useful, but 
net indispensable, ancillaries in the, instructional process. 
. In this famiJy of technologies, the computer has emerged as a top- 
notcJw, winning universal acclaim through its ability to become an in- 
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THE IMPACT OF NIT'S ON HIGHER EDUCATION 

teractive medium. The computer was introduced into highea* education 
even before it had reach<^ the thre^ho^ of interiactton. The 1960's saw 
ithe creation of university-based computer centres. At the start, 
the computers, frail • arid - expensive ] as they were, were housed 
in .sp/^cially designed rooms; later^ with the improvement of 
paralleled" processing, computer terminals found their v^ay into 
libraries, research ];abor>atories and the lecture halls. In the 1970's, 
the following became a familiai; sight : a professor woukj .write a me- 
chanical farmuk on the chalk' boSatJ, pick lip the telephone redeliver, 
and get through to a computer centre (whether basedkito^ the same uni- 
versity or another institution) ; then he would type the form-ula on the 
keyboard on his desk and,^ within :|^^^ of 
the results of a sophis-tvcated " calailatica,/^!^ cbrnppter was then 
adopted in -university management wlferfe 'lt 'h^s proved* imValuable in 
in^formation systems, and accountancy. 

No one has played down the computer as a comtputer given its 
unparalleled capacity to mSanipulatte symbols rapidly and accurately. 
At this stage, the computer was widely used as an instrument of simu- 
lation and representation of quantitative and structural models. With 
the influx of mathematical models in economics, sociology, linguistics, 
biology, etc., the use of computers for teaching and doing research itl 
acadanic science became Widespread. The only prerequisite for com- 
puter usfe was knowledge of prograrnnting langtuiges {BASIC, PASCAL, 
FORxfiAN, etc.), which was a corlstraint on the large-scale uitili2jation 
of computers for modelling and simulation. To make this task easier, 
simdlatiori languages were devised/ And even if the computer had not 
gone beyond this stage, it would still be an indispensable instrument 
for use in universities. 

Th^ Usc} of Computers ih Teaching and Training i 

The fir^t interaction barrier .was eliminated with the ad^vent of 
pt^grams making communication possible bet;ween ufeers and com- 
puters. This advance opened up a new prospect fox the use of computers 
in education. In addition to giving instruction, the <H>m(puter could also 
•be u^ to test the knowledge of studentSVto signal correct and incor- 
rect answers, to make requests for repeated answers, and to evaluate 
results. Its application, first restricted to the teaching of writing and 
arithmetic to children. Was gradually extended to the teaching of ' foreign 
languages, the imparting of certain skills, and the teaching of lyior^ 
"ajflvfincyd subjects; T^hus' Computer- Assist (CAI) cam^ into 

bein^. In time. CAI was extended from sdhool -to busiheSS and industry. 

-''^Mafrty witten coui^ies of lectures were tailored to suit OAI. The 
computer^baf^od educ&tidhal program, commonly called' cowrsewar^, 
appeared in artdu^ disciplines : niathetnatics/ physics, technical subjects, 
triwlicino, Mdiogy; law^ and forof^ languages. One widely used OAI 
system is PIvATO -(Pr^grainmed -Logic for Automatic Teaching 'Opera- 
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.tionsjij.at was fetarited.in ia76 at the Umveifeity of Illinois <lind was thdi 
ojilerated: by: Gofitrol;:D«ta Coiipoteation. PliATO' IV- is ^ « odniiputer- 
based educational delivery system which includesr.GAI'^otiVi'ties -sftuih 

r>r^9ti<»>' i«<iuirles,.^ ifliSl-.iubout 8 000 

PJjAXO t^wunals yvtiiti M operation worldwide and more than 7,000 
n<^ure,qf riii^tmction weare available. in over 150 subject areas <incl.ica.ng 
.speci?»l tewnitial^Jor handdcappgd people or chijdren 'wiho. eamiot key in 

To ffaciUi,ate cours^aware production, author ianfifuoges were devised, 
which played a part analogous to simulation languages on models The 
procedure is as follows : the instructor (i.e. the professor) writes the 
oouree with the aid of an author program (which often bears' V sug- 
gestive title like C30UR&EWRITER, TUTOR, etc.). Thus he incorporates 
ms own specialist knowledge, a questionnaire, dridls and evaloiatioins (i.e. 
the marks). ITie end-product is a computer jfaased instructional pro- 
gram (I.e. courseware). In spite of the fact that this proces pt«sup- 
poses previous knowledge by the instructor/author of a programming 
language, CAI has proliferated, toeing used in a wide specti-um of sub- 
jects, particularly, at the undergraduate level. A fault one may 'find 
with such automated' systems of instruction is that the program's 
^ of questions and answers is pre-established by the programmer 
Programs accordingly suiffer from a marked absence of flexibility which 
^^-1^1°, ^ ^ disadvantage when compared with the flexible dialogue 
wftijh takes place between the human iristructor and the student. In- 
tfeed, the computer/student interaction and dialogue are rigid and 
Iffnited. • i , " ^ T 



The Personal Computer 

The computer ha? been characterized as a machine which "every 
2 yeari doubles its performances whUe reducing by half its cost" (Da^vid 
Mumford, as quoted by /ackson (1988)). The process of maniatudzation 
of the componehts redu6&d the size of the computer to today's desk-ton 
or portable niachine. i ' ^ 

^ Many teachers take great satisfaction in writing their courses and 
theu-. papers on computers with word-processing facilities New possi- 
mhws fos; the editing; of scientific texts are constantly emerging. 

The personal computer opens up. the possibility of rapid and ac- 
curate documentation, of keeping i-ecords of data, facts, bibhographies. 
lo the extent to which the libraries of higher education institutions are 
also computerized, the data available are easily 'accessible to'eSch com- 
P.utf?! ^^"^f d ^ them. The creation of data banks has increased the pos- 
sibility of r^id dnd complete information and has' ' augment-d the 
eftfidency of sdentific work, ' • ^ 

• H-Hie numi»Sr 'of; programs available for personal computers, which 
facilitate text editing' and the automatic programming of the creation 
of new programs, is coiitinuously i*lcreasing. In education, the step- the 
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.:^«Qher must take is that of moving. ■ -u, ' editLng of his coturee on 
ttiQ 0Qfnpi4er to tShe elaboration of y> u, *(m which represents ths 
course in the computer. 

The opinton often held that intelligent programs are the attribute 
of 5th generation computer only (whicdi are presenitly being imple- 
mented) or that they require supeixxxmputers is false. In fatt, a laorge 
numlber of intelligent programs are availaible for use with personal 
computers. Indeed such programs can be created by means of personal 
conipuiters. 

, . rlartificiial Intelligence 

The next step in the human/computer interaction was made with 
the adveni ol artificial intelligence (AI), the immediate e*fe<;t of which 
was the consolidation of the status of computers in higher education. 

Like any new diodpline, artifioial intelligence is not easy to define. 
According to a commonly acqepted view, it exists when the computer 
does things which would have been laib|elled "intelligent" if they had 
*been dpne by a human. Thus, artificial intelligence avoids the necessity 
of defflning intelligence, leaving this unenviable task to psychology. 
•fnde<jd, psycholoj^sits are still at variance as to the definition of human 
teUigencel fieoentiy, in the Reid Column of FA0S-FAC3TS (British 
Ckjmpuiter Socriety), the follo>ying anti-definition of AI appeared : "If 
machines cowld be designated tp write ^ovels, compose (rvu^ic, print pic- 
Wes, and lilay chc^s as well as humans can, then these activities would 
no longer be regarded as signs of intelligence". 

A widely held view is that vision, along with speech production and 
recognition and reasoning are human activities requiring intelligence. 
Their .performance by the computer is the province- of AI. Despite the 
label "intelligent^: machine'*, intelligence proper is an attribute of the 
programs used and is thus part of software. True, recent improve- 
ments in hardware manufacture, great rapidity, a va^t memory, have 
pro\'ed to be essential for the running of intelligent programs. , Another 
key branch of AI, robotics, does not concern us at the moment as it is 
not directly linked, to education. But the automatic demonstration of 
theorems, together' with automatic problem solving^ boDh of wMc^i belong 
to AI, are central to the instructtonal pr(x«ss. ■ ' 

tUZA and BACON 

In 1,9^, Josepb Weizenbaum from MIT designed a program which 
he named ELIZA and which was able to simulate a possible discussion, 
in EnsfU^h, between a patient and u psychoanalyst of thie, Carl Rogers 
School. H«re,is a widely quoted example, of the way in which the 
program works <Weis!enbaum, 1966) : ... 
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' ' Patient : Men are all alike. 

Doctor : In tohij^; way ? i 

.Patient : They're a^lways bugging us a/bout something or other. 
Doctor : Can you think of a scientific example ? » ^ 

Patient : Well, my boyfriend made me come here. 
/ Doctor. : What would it mean to you if you got some help ? 

Patient : Perhaips I could learn to get along with my mother. 
Doctor : Tell me about your family. 

Patient : My father is afraid oi everyibody. ' 
Doctor : What else comes to mind ivhen you tj}ink of your father ? 

Patient : BulMes. 

Doctor Does that have anything to do tuith the fact that ymr 
boyfriend made you coine here ? 

It is obvious that the aibove-mentioned passajge makes a strong im- 
pression on the reader. ELIZA Is undoubtedly m "^intelligent" program. 
And yet, its range is extrehiely limited, as we shall further see when 
we examine how it ofpei^tes. 

The program^ has a script. It has ready-made answers, intelligently 
devised patterns <so as to convey the impression of being involved in 
,the disouBslon). For instance, the" program reacts to the mentioning of 
relatives (mother, faiiier, etc.) by tell me more about your family. When 
statements involving univereal quantiifiers like "ifctf; all'.', "always" 
occur, the program immediately requires an example. The specta<jular 
recipe does that have anything to do with ?... is applied whenever the 
disoussion turns to areas that have not been indiided in the patterns 
of the program. So far ELIZA belpnge to the AI programs genex'ation 
of the IOTO'b which can be regarded as a definite suoces 90 far as the 
ad-b<^ programming tricks are concern^, but lacks the suqsport of 
»trong theoretical mode'js.of human intelligence. The author used the 
apparent aiuthefniWdty of the iprogram to disclose the claim of AI to 
simulate human thdnkingi 

Starting with 1980, Gaiy Bradshaw, Pat Langley, Herbert Simon, 
and Jan Zytkow designed and later developed a program named BACJON 
(1 i after the philosopher Prands Bacon, the promoter of inductive 
logic), for detecting laws in data and extrading them in mathematical 
forms (i.€?. by equations that fit the data). It is worth mentioning that 
BACON doefir not just fit curves to points on a graph, but it genersrtesr 
hypotheses (according to sets of .^leuristics), tests the hypotheses against 
data and, if necessary, generates new terms to foraiulate laws in mathe- 
matical forms. The program has been tested on a great variety of exam- 
ples, including Ohm's law, the ideal gas law, Snell's 'law of refraction, 
Kepler'd 'third law of planetary motion, and. Joseph Black's law of 
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temperatUire equilibrium mixtures. In the authorizied lioiguage of the 
autiiars "...we confrait the program with disco(y^i;-y, problems that scien- 
tists haive encountered, and we observe whether (it) can make the dis- 
covery, istarting ifronr. thfe same point the scientist did" (Bradshaw, 
Langley, Sdmon, 19®3). , 'v .'/^ : ;V^ ' 

One can contrast general AI development tendencies starting with 
iEOZA and BACON, witii pr^tfit. To begin with, one notes a funda- 
mental d4fferenoe be<tween the designers of the two ' programs in the 
way in which they analyze their own creations : while Weizenlbaum 
is appalled by the poissibility that persons using his program may 
imagine that they are talking to ai real person, Bradshaw, Lartgley, and 
Simon defend the hypothesis acaxpding to wtoich, researcihers like Bllack, 
iSnell, or Kepler patvoduced soien'ce according' to the same thought 
processes used by BAlbON. 

Secondly, ELIZA and BACON hold different places from the point 
of view of their "intelligence", although they belong to the same re- 
search field, AI. A somewhat exaggerated optimism, which is howeiver 
necessary even to other ui:d -^rtakings in AI and which has been domi- 
nant for quite some time now, namely the idea that there is a simple, 
general procedure for problem solving) l^s been now amended by results 
of recent research, which concentrate on programs limited to specific 
fields (like diagnostic infectious diseases), programs mainly based on 
incorporating large and very large amounts of systemaltized human 
knowledge : the expert system^. Due to their greait importance, expert 
systems will be analysed in a 3?urther section. 

ArtiliciaHntelllgence and Education 

The connection between AI and education can also be examined 
from a diltferent angle, that of the amalgamation of classical subjects 
like psydhology (especially the psychology of learning), philosophy (in 
particular eplstemology), niafthfemaitics (chiefiy 'symibolic Itt^fic), computer 
sciente (langu^fges and programs), brain physiology, and the technology 
deal scifences <microelectronftis and • automation). Such comibinatiohs of 
disciplines aire aim^ at a cortimoh 'goal, the computer rnodeUng of 
cognitive processes. Leaming is thus perceived as a cognitive process. 
By m^ing ■''knowledge" a basic concept, AI becomes ia. new landmark 
*tf' <;ybei'neti'cs, which was centred "information". ' ' 

' As is Well ikn^wri, the initeixliscipMnTSry approaich. has bWn d focus 
6if attention in ^universities. AI adds a new dimension to it. The corise- 
(iu^ces for education of ' such an* approach are incalculable." With each 
■t^ forward mitd^' by AI in the area of - computer nnbdelled knowledge, 
some fresh light is oast on the processes of acquiring, processing, and 
assimilating knov^ledge. This whole proceas is qf Vital interest to ^diu- 
cation. To take only one example of what may hapiien : if tonceptfi 
are formed around certain typical cases offered as examples (i.ev-'proto-* 
.types) — a hypothesis if avoured by cognitive psychology and AI — the 



learning process will diveiige from the general to the partioulari a time- 
honourekl formula praised for its economy, eleg?jice, and. formal con- 
sistenicy, and thtis became increasingly induct^Lye. Such a change would 
entail the iwriiang of mojsit texjtbooks and teapiiing materials in use 
in higher education institutions, .as. welt a$ the changing of the ratio 
between lectures - and seminars, and between seminars and practittat 
work. 

As all sciences are branches of- human knowledge, univereities may 
be deifaned as institutions of knowledge. It is- to be expected thalt AI, 
as a cognitive subject, will, for a long time to come, remain a fertile 
subject of study, due to its affinities with and applicatioins to higher 
education: 

The present debates concerning AI are not something new. "Hiey 
began two decades ago when people began asking themselves if th^ 
computer-asssiisted modelUr^ df cognitive processes were possible, and 
worth attemipting, and whettier it would have positive or negative ef- 
feiote, etc. The arguments, of a philosophical nature, were then con- 
cerned with the limits of formalization (GSdel's theorem, which will be 
taken- up ag'ain later in thiis study), and with the implications of con- 
sidering the human mind as a process analogous to a formalized system. 
The resulting debates divided^ the paaitlcipants into supporters and op- 
ponent 'of AI, the latter being' inclined to view AI as a moderh version 
of dehumanization. Today debates tend to focus mainly on the results 
off ^^rtoin intellig»?nt programs. On^ question, for instance, is whether 
or «*ot s-uch a software as ?ACO(N sirauilates (or fails to simulatej^ the 
pixweas of, scientific dis'^xwery. In ease it fails to do so (as BlACJON's 
creators daihi), the next task is .to pinpoint the hnlJmark of hiuman 
discovery and invention. For example, ih Maiigaret' A. Boden's recent 
book (Boderi, .l987) the author describes computatitJnal work in vision, 
language processing, reasoning and learning always addressing the ques-, 
tlon : ^How can we decide wliich programs are acceptable as. .psycho-- 
logical theories, and which merely mimic behaviour in a psychologiic- 
ally uninteresting \yay ?'• ' . " i< 

^In the coming years, the progres^ of AI , will underlie .the most fruit- 
ful dQ^jates, Mniversities, being particularAy interested, Jn-. 'the followingj. 



1. the progress of -AI In the modelling of ciognlltve pwoesses r 

2. the'imjiUcatioals of; advottces la Al for a Wttw' linderstanding oi ' 
■ learning processes- andii for devisijig comtpaiter-aasisteid learndng 

strategies ; - 

3. the appllcatlona of AI In various fields of knowledge; 

4. AI and the man-machine ralultlonship ; i 

,5. ,AI apd the creative \york processea. \ . . 

i - I, >.> i i ) .. ,„„ t ,.i>j. ' . „ , t „ .,.iti j.t,, . ... „ , ^ , ' , ; a . r , ; .c j — ,.: . ■ 
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Expert Systems 

The success which corrfirmed the .progress achieved by All came 
at the same time as the emergence of eocpert systems. These are pro- 
grams which, in addition to knowledge tdken fix>m various books 
an|d articles, also incorpor'ate knowledge Stared in the expert's mind, 
the resailt of long experience. Such an expert system has been devisfed/ 
for example, foar oil prospection. It 'does everything that an expert is 
requdTcd to do. Basing itself on data (geographical, geological, petro- 
graphical, etc.) and on the results of test pits, it forms an ophiion as 
to the chances of striking oil. This knowledge and exiperience, in one 
word, the expertise of various sp>ecialists, are incorporated into pro- 
gramas. Another expert system, for example, in the fiieid of medi<cine, 
simulates a real medical doctor. It examines a patient, analyses the 
symptoms, and identifies the disease from which the patient is suffer- 
ing, at the same time making xecopim^ndaitipns about tlie medication 
to be followed. 

The first expert; systems required som^ 50 m^n-years of work to 
complete. In other woxds, they could be elaborated by a team of 10 
experts working for 5 years (about as much time as one needs to be- 
come an expert). Then, following the steady improvement techniques 
for the writing of expert programs, the time needed for their 
elaiboratiort has been considerably reduced. 

There are two major trends in artifidal intelligence. The first starts 
from the itesttaption that vhe human mind uses a single proc^ure^ for 
prcfetein^^ving. Irrespective^ of the d<)main from which the problctois 
at^ tateen. The second assrihes that each problem requires a solution 
which is specific for the respective domain. Expert systems hwe 
favoured the second assimiption. The experts themselves are thus 
looking for knowledge models dependent on the field of knowledge. 

Once we have clearly understood what an expert system is, we 
will be able to move on to a new generation of oour^etyare. Even if 
exipert systems do not have a direct impact on instructional programs, 
they will ibecome, alongside simulation models, a valuable ' asset for 
higher education, for the apipMcation of all the sciences, for the elabo- 
(nation of case studies in each field of knowledge, and for student train* 
ing with a view to reaHife problems. An illustration of the state-of-the- 
art; in the field of courseware can be obtained froni Megamen and 
Gardy (1&86), who designed an am lomy course called CATS (Oompu^^^r- 
ized Anatomical Teaching System) to teach anatomy. , 

An expert system consists of a knowledge base, a ho progmm, 
and relevant data. The host program Interprets the data by means 
of the knowledge it possesses in order to reach decisions. In the case of 
clinical expert systems, the data are the symptoms which are inter- 
preted by means <xf the; medical knowledge making up the knowledge 
base. 

' Is there in fact any novelty in a medical expert system as com- 
pared to a computerized management model ? The latter, like the former. 
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is built oh probaibilistic elements. It draws conclusions (i.e. the disease, 
tt-eatnlent) on the bh'sis of data (i.fe. symptoms). An important difference 
is th^ft, in ^xpeH systems, all knawl«l«e is explicit. Another difference 
is that such a system A-epresents an' attempt to change human though-t, 
with an emphasis on qualitative reasoning. A third difference, the most 
important fiom the* educational point of vieW; is that the prograiu 
pewnits questioning (h^w the resp^tivfe conclusion was reached, why 
another hypothesis was not accepted) ; .briefly, it reproduces the line of 
inferences. Tihere no longer is a fixed set of queries and answers. With 
each problem, suibproblem, , and issue, the system reproduces for the 
user ';he line of reasoning and the way the knowledge is applied. The 
expert system is: flexible : it recognizes an error and corrects it. 

Essentially, the construction of an expert system requires the draw- 
ing forth of knowledge from some subject experts. Usually, the skills 
of most experts reside more in performing subject tasks than in explain- 
mg to others the ways they do it; Consequently, the attention is fre- 
quently focussed on the automatic induction of rules from sets of 
examples. The writing p£ expert progi<ams, the most recent concerru 
of AI,.has been greatly facilitated by existing programs which permit 
experts to introduce their knowledge into a base, without knowing any 
ar<tif icial intelligence language. 



A New Generation of Intelligent Systems 

Bbcpert systems have demonstrated that iritelligen tpr(^£<ms h^e 
parsed th6 Second and most important obstacle of the student-courseWate 
mterface, namely the possibility of conducting dialogue wfth programs 
and obtaining from them not only knowledge but also clarifications and 
explanations. Iti thte OAI system, the interface was' programmed. The 
instructor^ <invlsitole) was prtfsfent in the program through the single 
route that the student was to follow. But at this new stage, he in- 
terface is generated, by a separate base of rules which, act on the 
knowledge base. The increased freedom of iniHative for the student 
shifts emphasis from instruction to "learning". 

Now we know that a computerr^ssisted courseware is an organized, 
intelligent, mquiry system of knowledge. The role that the expert played 
m the expert systems is now played by the teacher for the new genera^ 
/T?I\^( instruction (ICAI) and ' learning 

(ICAL) systems. The queries are not identical with the ones put to expert 
^^^]^!!}^J^:\7'^^^^ conclusion?). It contains more "what's?" 
and «Hvhys ? . This characteristic ie greatly facilitated by the facst that 
commumcation takes place in a simplified natural' language. 

The first programmed courseware was modelled after the expert 
systems used in application-orion-bed disciplines <i.e. for medical or legal 
cases, etc.) At pr-sent, the courseware belonging to the intelligent, 
knowledge-based generation covers a wid- range of university disdiplines 
including anatomy, organic chemistry, plant biology, linguistics, etc. 
The gi-eat potential of ICAI and ICAL rests therefore wi^ the know- 
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i€dg«-l>aseid approach to AI in expert systems whith can work out 
explanations ^and advice. Progress achieved in this field is already 
lemairikjalble. There are,; however, niany problems and diflficulties which 
await solutions. Til/US, although varipus proposals have been put for- 
ward, no consensus has ibe^n reiched with regard to knowledge repre- 
sentxttion, to interpr?tmg ^rs' questions,; and, to constructing coherent 
explanations vfhich are more than mere sequences of rules. 

The writing of such courseware requires jonsiderable effort. The 
timie needed for the creation of a l hour-long programmed courseware 
is estirnated atu50T-200 hours. One of the difficulties is similar to that 
pertaining to expert systems : the expert has the knowledge, but he 
does not knowi the language into which this knowledge is to be pro- 
grammed. How can a teacher, who does not know programming langu- 
aiges, write oouisseware ? 

The solution to the - problem of author • langua-ges in lOAI was 
derived and perfected by so-called aut/iorinp systems. These are high- 
•Itovel* interfaces which permit authors to create courseware without 
having to learn or to use programming^ languages. This accomplishment 
has increased the accessibiltty to the ^tefichin^ community of computer- 
based ifistruction aiid learning. >At the ' same time, it has reduced the 
cost of creating courseware. Many teachers are willing to participate in 
the production of courseware, (but they expect to be exempted from 
having to learn programming languages. 

There are three approaches to' the advanced form of automatic 
iprogramming i the teacl^^r is offered a number of high-lev^l commands 
whi<?h aiw immediately translated into a program ; the teacher fills 
in a form w (the teacher is questioned by the computer about the kind 
of knowledge which, must go into, thtj; knowledge base and about, the 
kind of information Required for the elatx)ration of the program. 

We do not need to bring forth too niany arguments in order to see 
the consequences of courseware, proliferation : r 

a) an increase in the quality of education through access to' the 
best courseware ; ; 

b) an easing of the existing pressure in the student-teacher ratio ; 

c) the possibility offered to students of initiating' independent 
learning processes at any time and in any place ; 

d) the continuous improvement and updating of courseware through 
the addition of new knowledge and new rules ; , 

e) the computer processing of a large number of routine tasks 
leaving the human resource of intelligence free to tackle inn oVatory and 
research-oriented tasks. * 

Modular Curricula 

" Modularizing cumcula is one way of making them flexible. Mo- 
dular cumcula, appeared before Al and independently of it. The method 
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corrsistS' in organizing curricula 4n inidependent sections .which c^a senter 
into various course <rombinai^Qns. The matrix algebra is a' part of al- 
gebra which is compulsory lor games theory, for graph theory^ for linear 
pax)gramwiiTig, etc. Sections wMoh require less than, a semester and more 
than-.one cour^hoUT . ^an be. considered to be modules. According to 
a modular <:onG©ptiQii, tl^ey require 1 to 2 months of study. With the 
increased involyemen't" oif universities in lifelong education, it has 
ibecome ot>vious that postgraduate and specialized training programmes 
jVvill be made up of modules . xather than of whole courses. In addition 
to );he 'possibility of flexible con^bination into large linits, the modular 
system has the advantage of permitting easier updating. In the tra- 
ditional system, there is a considerable degree of redundancy (the same 
material is taught several itiraes in separate courses). At v^e same time, 
thifij-e ave ofbvipus blanks (i.e. sections in a course, ; which are important 
/or' the profession, are missing). The modular system corrects these defi- 
ciencies. An education system structured awording to modules facili- 
tates the design of special paths for groups of students pursuing a spe- 
cific qualification pr speGializabiw. Tlie same goal is sought, with less 
satisfactory results,, by means of' optional courses. Why was the modular 
system not ajpplied on a large scale ^ome years ;ago, given that the idea 
.was put forth in the lft60's?,The answer is simple;, it involve? the 
clos^ ipo-operation of many university depaiimeiits, cliairs, and disci- 
plines and of. niipny teachers. Qr,. anyone who has spent some time in 
a ;ui^iversity knows how difficult it is to overcome barrier^ bfet^een 
chairs, departments and otAier imiiyersKjy ,siinictures. ' ' 

Th,e transition to computer-basei^ currix?ula will facilitate the taking 
upi O^ this initiative once agdn. It., is urgent that a modular approach 
to co-operatioi> among disciplines be adopted in the development of 
courseware. Thus it will be possible to achieve two .objjectives with a 
single effort. The use of computer programs , is expected to facilitate 
the jdent,iification and the constitution , f>f modules, that is, their auto- 
matic organization. 

From the point of view of the qualification to which a given stu- 
dent is aimii>g, the computer will 'be able to, show him/her the sequence 
of modules he/she must take in the form of an individualized study 
plan. 



■ , \ 

T^ie Usie of Nil's in Distance Higher Education 

Distance education is one area in which NiTs have and will 
undcmbteidlly make an important contribution, particularly at the higher 
level of ,such education; The unqualified success of the 'open' universities 
such as the British Open University are indicative of the great op- 
portunities existing in this respect. By their very nature, new informa- 
tion technologies , seem, if be ideally suited to -the of distance higher 
edocation, pua-tiwl^rly when' its organiziation is envisaged on an interna- 
tionfil scale. - , < . 
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It is significant to point out that we haive been witnessing of late 
the emergence of internatiorial schemes 'and undertakings meant to in- 
crease the international dimension of open universities, precisely by 
making use of the great oppoirtuni ties offered by the NIT*s. Thus, the 
recently created European Association of Distance Teaohlng Universities 
with headquarters in Heerlen, the Netherlands, made uip of eleven non- 
profit institutions of higher distance education from Belgiirm, Denmark, 
the Federal Republic of Germany, Ireland, Italy, the Netherlands, Nor- 
way, Portugal, Spain, and the United Kingdom, specifi«cally set among 
its primary objecilves "the develo.pment of new methods and techniques 
for higher distance education, including new technologies and media''. 
Similarly, the 'A^fan Association of Open Universities , established in 
Bangkok in November 19fl7, is ooncdved of as an educStioiial estato- 
lisihment based on the massive use of new information' tedhnologies , 
aimed at facilitating close co-operation amorig open universities in 
and in other regions. 

More recently, at the 4th Conference of Ministers of Education of 
the Countries of the Europe Region <MJNEDEUR0PE IV) cx)nvened by 
Unesco in Paris, in iSeptember 1988, the idea was put forward of setting 
up a University of the Peoples of Europe as Hn intern'ditional academic 
and scientific institution concentrating on studies and instruotion relat- 
ing to thfe major problems^conoeming the whole of Eurdjpe, its history, 
languages, culttlre, ecology, and the future development of the peoples 
of tfie re^on". I'he functioning of the University is to be based on the 
large-scale use of NIT*s and or th^ iriedia. 

International Study 6n Distance Education p^^oduced recently by 
Fern Univetfeitat (the Distance TeacHing Univei'sity of the Federal Re- 
public of Germany) and the Zentrftles Institut fiir Fernstudienforschung 
(the Institute fbr Research into Distance Education) (Gfalf and Holttierg, 
1&88) whldi examines, by Tne'ans of questionnaires, the te^aching media 
used in several hundred di^tan<te institutions of higher edtjcation in all 
the regions of the world, reached the conclusion thalf -radio, TV, films, 
slides, video, and audiotapes, the PC and other sy&tems of electronic 
data processing account together for some 70% of all the teaching media 
they use. ' * 

The PC in particular is bound to play a major role in distance 
higher education. One of the merits of the open universities resides in 
the fact that they offer *'pe: soualized programmes'' to their students, 
through the study guides and books they^pr^pgtre for through the 

radio and TV programmes they recommend and through the telephone 
communications that can be arranged between students and teadiers. 
All tHese means of contact will be greatly facilitated "(or tfeplactfd) by 
tht: PC, which can now function as an individual Workstation in a dis- 
tance education network. 

At a recent consultation of university lea^ders on Unesco's mission 
and- future cictlvities CBologna-Venice, 18-^20 September 1988), empha- 
sizing Unesco's role in fosterin;^ mutual understanding between cultures 
and peoples, the participants brought to the fore the major part Which 
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could be pl^ay^ by modern , technologies, including television link-ups. 
Tb6f4ijteractive television hook-ups aLijadyi existing between universities 
in North .America, Western Europe, and the USSR were given as an 
exam'pl.e o-if the prospects lying ahead in this field. 

In the realms qf educational s(ktellites, the prospects are indeed 
vast, provided there is be good will for co-operation on an international 
scal^. The same Bologna Venice consultation mentioned above, pointed 
out that "only three satellites would be needed to cover the world if, 
fojj example, the United Sates, the Soviet Union and Jagpan could come 
to m agreement on poitting these satellites into place'\ 

C<miputers and Research 

All higher <?ducation institutions include among their educational 
objectives the iniparting of the skills of scientific investigation to stu- 
dents and their introduction to research problems and techniques. While 
tbe" computer asserts itself as an instrument for learning, is it to the 
samfe extent a research instrument ? The answer given by today's iscien- 
tific practice is de^nitely positive. 

The solution in 1976, alter more than one hundred years of at- 
tempts, of the **four-o looir conjecture" (see next section) by means 
of the computer was a widely reported success. But mathematics is not 
the only science in which computer assisted research can be applied. In 
the design off new machines and new constructions, the drafting board 
has been replaced by a computer having a OAD (computer assisted 
design) program.. The computer makes the computations for all possible 
variants. In economics, the computer provides ' alternatives for forecast- 
ing or the optimum strategies for attaining an objective. In chemistry, 
the computer helps determine chemical structures on the basis of phy- 
sical and chemical data. How could a problem in astrophysics be solved 
without a computer when such problems may requiie the solution of 
equations involving the determination of 5 variables in a network of 
25,000 points, in 10,000 steps, with a total of 1.25 billion numbers ? 
Th^ computer is an instrument for the mastery of complexity. 

The significance of the computer for the experimental sciences will 
inci-ease with the development of programs which on the basis of in- 
duction or analogy determitio the regularities (the laws) from a body 
of (experiLi.mtal) data. (A recent, much discussed example, was the 
BACON piogvam presented at>oye.) 

Itf the as«)?rtion that "we shall think with the computer just as we 
are writing with the fountain pen'* seems exaggerated to some people, 
there are few who doubt that "research will be carried out with the 
computer at hand". 

A Personal Experience 

Starting with the May/June 1988 volume, the journal Notices of 
the American Mathematical Society has Inaugurated a new column en- 
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titled "Computers and Mathematics". Professor Jon Barwise from 
Stehford University, an outstanding specialist in Mathematical' Logic, 
agreed to try get the column going. It is very instnictiiVe to quote Bar- 
wises confession, in his open column. «As a mathematician, I have 
found my professional life profoundly influenced by computers. As a 
researcher, I have seen my own interest gradually shift from model 
theory as inspired by pure mathematics to model theory as developed 
for the more concrete needs of computational linguistics and inlformation 
processing. As a wtiter, I have completly switched over 'from writing 
mathematics papers in long'hand and having them typed, to using 

L E , a version of Knuth'3 mathematical text processing, I discover 
that the bulk of my mail is in the form of electronic messages — known 
as email. Aiud. as a teacher of mathematicaa logic, I have workeid with 
a colleague, John Etohemendy, to develop two odmiWter programs, 
Tarskis World having to do with the semantios of first-order logic and 
Tunny's World having to do with Turitig Machines. With this couroe- 
ware, I have seen a dramatic change in our ability to teach abstrSict 
material to beginners. 1 can imagine a time when these sort of pro- 
gram.s will completely alter the way we teajqh logic". 

A Case Study : Mathematics 

A first use the computer finds in applied mathematics is the solv- 
ing of approximate calculi for problems requir-ing explicit solutions of 
a kind which theory can either not provide at all or not provide in a 
reasonable amount of time. Suoh examples occur frequently, from the 
building of a vi^uct, to weather forecasts or the launching of satel- 
lites. In this case the theoretical method coexhts with the computational 
one .- they are but independent o'acets of one and the same phenomenon. 
The diifliculty resides in the correlation of the two methods so that the 
results of the mechanical calculus is as close as possible to the one 
anticipated theoretically. 

Another use of the computer is that of producing and studying a 
large quantity of data, with the aim of discovering a particular theorem. 
Such possibiliwes occur frequently in the theory of numbers, for instance 
in the study of prime number distribution, thus giving birth to a 
hypothesis — a conjeciure. The more data are analyzed and the respec- 
tive hypothesis verified, the more confident one becomes in the validity 
of the h;- wthesis. Nevertheless, the hypothesis becomes a certainty 
only when it can be demonstrated theoi-etically. 

Like in the first case, the role of mechanical calculus does nol in- 
fluence the mathematical corpus whatsoever ; it only brings to the fore 
an experimental method offering numerous advantages, but restricting 
itself to the position of substitute or heuristic aid. 

An advanced stop in the relationship between mathematics and com- 
puters is reached, when purely theoretial results can be demonstrated 
with the help of "intelligent" programs. A start was made with some 
logical theorems written \n the vein of Principia Mathermtica, to be 
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then foUovred by el'^entary algebra theorems, and to culminate with 
ifnqpnire d€iilori«tra1ionSj the most spetrtacular example' being that of the 
four ooi<Mxr theorem (smy map requires ho more than four colours, so 
thflt any two n?igh)bouririg countries, the borders of which are not 
reduced to a point — 'as in the case of the American states of Utah; 
Cok>^do, Arizbna, and New Mexi\x) -- should be coloured differently)^ 
Ptji* ih&ire '^than a centey the problem of the four colours was a ohal- 
l^t^e to mathematicians, wheileas Appel anad .Haken's demonstration 
=^ which mlakes lise rtwdnly of the computer — e'xtends' far beyond 
thei^bbUndaries of rhathematics and philosophy. This demonstration has 
|[reatly influenced both^ the knowledge corpus, and the inner inechani^m 
mjsthemattes, for its computational ' C(iniponent can be neither re- 
plied nor verified **by hand" by a reader; ^however c<Mnpelent and 
perseverent he may be (at Ittast at the present time). The confidence 
in siuch' a demonstration shoiild be divided betwei^n that placed in the 
mathematical argument and that placed in the n1iw:hirte-made calculi.' 
Bv^ the most famous mathematicians have made errors. The miosf 
sciphlsticatfed coniputers can likewise make- mistakes, sometimes 'in 
"obscure" ways ; their errors are extreihely rare but not out of the 
question. Experience has shown that errors made by mathematicians 
are ultimately detected by the mathematicians themsel But how can 
errors made by computers be detected, when Calculations take tens and 
even hundreds of hours, and even partial results fill thouisands of pages 
(Mathematicians estimate that the classification of finite simpl<> groups 
— Fischer^ m6nst#r, a group of the ord^f 8 x 10'^'^ is liuich an example 
~ an important )>roblem in algebra which ' ; almost solved with the 
heljp of a computer will be contained in a volume of almost 5000 
pages) ? What guarantees of accuracy are offered by "experimental" 
methotth, the change of the machine or of the program? Only recently 
have we started giving serious thought to such problems, 

A recent scientific event stresses the role of AI not only In the 
process of development in the field of mathematics, but alsp, and more 
particulariy so, in understanding brain mechanisms. 

Science in the 20th century evinces a characteristic that is both 
interesting and new : awareness of its own limitations. The best known 
example probably belongs to quantum mechanics, where Heisenlberg's 
uncertainty principle forces restrictions upon the notion of measure as 
sur^h. In the field of mathematics, K. Godel demonstrated in 1930 the 
famous incompleteness theorem by means of which he constinjcted 
several true propositions which, however, cannot be demonstrated within 
the range of axiomatic systems .with certain properties ; an example of 
an undecidable propostition is the assertion regarding the lack of con- 
tradiction of elementary arithmetic. For a long time, GodeVs propositions 
{which lead to the emergence of a new branch of mathematical logic, 
the theory of undecidability) have been considered as exceptional sin- 
gularities, which cannot be found in "genuine mathematics*'. They could 
well be disregarded, just as continuous curves without derivatives "did 
not exist" for physicists. However, in both cases such ignorance did not last 
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Im^ : totjlay fractals curves have invaded natural sciences, while unde- 
cidaljle propositions, as has been recently demonstrated, occur in various 
branches oi mathematics (theoretical oomputer science, theory of formal 
languages, ge|ometry,^tc.). A problem of constant topicality concerns the 
explicit devising of undecidable , propositions, and in tills du^tion Gre- 
gory J. Oiaitin, from the IBM Thomas J. Whatson Research; Centre has 
njade a decisive break, though its aignifdcance i^ still unider analysis, 
- Chaitin's startmg ",point, is represented by the computation of the 
probability, tl^at a universal algorithm (or equiiyalentily, a universal com- 
puter) stops the execution on a random program (entry). An algorithm is 
a. list of instmctions written in a formalized language. As an entry, the 
algorithm receives a piece of, jnforaiation <€.g. a word) and then sets out 
to the execution proper ; the .computation can stop after a finite number 
of steps (in which case a result is prodHped), or can xwntinue indefi- 
nitely. A famous result obtained by -A. Turing, statps the existence 
yi a universal algorithm, capable of working like any other individual 
algorithm .In order to explain the notion of "random program" we must 
first deal with some rudiments of the algorithmic theory of information. 
The information unit is the «bit", which contains the infoimation neces- 
^ry to provide an answer to a dichotomic question. A message contain- 
ing n "bits'* of Information can decide between 2»- possibilities equally 
possible. For instance, the message "it is raining" contains 1 bit of in- 
formation, while the message "today is Monday" contains Zopj 7 bits of 
information^ The messages may be codified by means of binary words ; 
among the binary words of length n, some are "compressible" in the 
sense that, they may be codified in a simpler form, others are not. For 
example, the word 10 10 10... 10 the length of which is one million, 
may be written more simply as ^'half a million of series 10", a phrase 
which in turn may be codif ied binary by means of a word of a length no 
greater than 300. As early as 19©5, A. N. Kolmogorov, R. Solomonoff 
and G. Chaitin, in different but essentially equivalent ways, started to 
study the algorithmic quantity of information of binary words, by way 
of complexity (for technical details see .Chaitin (1987 a), and Calude 
(IOCS)). The complexity of a statement is the length of the shortest 
X)rogram necessary to a universal algorithm to produce the respective 
statement. As already mentioned, there are "uncompressible words" (in 
disorder, to use a notion from thermodynamics) for which complexity is 
as great as the length of the word itself. Paradoxically, the majodty of 
words are "uncompressible" ; as P. Martin-L8f has demonstmted, these 
words display a "random behaviour'*, in a technical sense which exceeds 
the level of this presentation. 

It is interesting to analyse the way in which G. Chaitin used the 
above mentioned facts. At an early stage, dating back to 1974 (Chaitin, 
1987 b) includes both strictly mathematical articles and applications in 
the fields of biology and physics) the author demonstrated thai, to any 
given formal system corresponds a natural constant e, so that any the- 
orem to be demonstrated within the system has a complexity inferior 
to the sum between c and tn «=>« the complexity of the axioms of the 
system. , 
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This leads to a spectacular extension of Coders theorem, because 
all the true statements which can be formalized in the system and the 
complexity of which are S'upenior to c 4- m are -uudeoidable. At a second 
stage Chaitin shows that the number SI \& a random number, in the sense 
that writing it in base two and taking its fractionary part, there results 
an infinite sequence, any initial word of which is random. In the last 
btcge, to the number Q one associates an exponential diophantine equation 
(an algebraic eqfuation in which only integer numbers, sums, products 
and exponentations occur) with approximately 17,000 variables and 
900,000 sym.bols (which fill over 200 pages of lifting). The equation has 
a parameter just a Fermat's equation x^^ + y^^ has three var- 
iables, X, y, z and a parameter k. The outstanding quality of Chaitin's 
equation is the following : the equation with the parameter k has an 
infinity of solutions if the k — th position of the binary sequence gi^'^en by 
is 1, and the equaition has a finite number of solutions when position 
k is taken by o. Chaitin's equation is so complex, that the answei's to 
the question "has the equation with k parameter an infinity of solu- 
tions T' for «=: 0, 1, 2... n corresponds to random \yords and given the 
case in which n takes all ns^tural values they make up a complex of 
data which can be described by no finite system of axioms. 

Chaitin's equation was in its turn devised in several stages com- 
bining mathematical ingenuity with programming ability'. Briefly, the 
procedure was the following : drawing upon a method of encoding 
developed by J. P. Jones and Y. V. Matjasevic, Chaitim defined an 
abstroct, machine-type, programming language and a translator capable 
ot transforming any program of this language into an exponential 
diophantine equation. Then, a simplified variant of the LISP language 
was defined and a program allowing this dialect of LISP to 1 e used 
was written. The final step was the writing of a LISP program which 
was not meant to be executed, but translated into an exponential 
diophantine eqoiation, via the abstract language. 

Chaitin's equation, in the elaboration of which theoretical and 
practical aspects are inseparable, s?hows that our intuition concerning the 
deductive structure of natural numbers is far from being clear and ac- 
curate. Even in the approximative forms depicted by the study of 
mathematics, randonmess is present, not only in quantum mechanics or 
nonlinear dynamics, but even in the oldest branch of mathematics, 
arithmetic. The result is only apparently pessimistic ; it does not upset 
the balance inherent to mathematics, but signals the simple, but unde- 
niable existence of new types of laws arithmetic is govern ad by : 
statistical laws. Just as physics it> not capable af foreseeing the exact 
moment in which a particular atom unJergoes radioactive decay, 
mathematics is unable to ans'^^^cr certain particular questions even in 
the domain of arithmetic. 
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In addition to the vast study area being pioneei^, the brief but 
instructive experience accumulated over the past decade' leads ♦^o several 
general recommend'ations : 



1. .The correct choice of the data oorpvus. as \yell as their repi'^n-* 
tation is decisive. . - 

2. rrhe a<nea of impure demansitratiom neeids to be broa4ened by means 
of theoi^tical and computational oomponente. 

3,, The place of the systemMic construction stavitegy of fornial de- 
ductipns will be taken over by tUe .tramsformation rules of thcf 
demonstrations. . * > 



FinaHly, we mention a project begun in December 19fl7, by 13 
eminent mathematicians and computer scientists from tiie U.S.A., En- 
gland and I'l^nc^. A. Marden <t}>e project was hds brainchild), W. P. 
Thurston, R. E. Tarjan, B. B. Mandelbrot, and A. Douady, gathered 
at the University of Minnjesota to inaugurate the GeometrynSupericom- 
puter Project. This project, supported by the National Science Foun- 
dation, will be located at the University of Minnesota and its. Supercom- 
puter Institute. The researchers will be linked through a large-scale 
internet which provides access to many other networks; Tlie basic aim 
of the project is to use the power of a Cray 2 supercomputer to il- 
luminate some challenging questions in geometry, including the clas- 
sificatbn of 3-manifolds^ <the classification of n-manifolds, for n 2 
or n > 4, is solved). ' i 

The project will require in-de<pth theoretical studies not only in 
geometry itself, but also in the algorithms and their complexities, «...a 
love of geometry and a desire to understand' its computational aspects" 
(David Mumford, as quoted by (Jackson. 19J8)) are the feelings that 
bring them together, a memlber of the project. said. 

How to Cope with Computational Com^plexity 

Present calculations resort to huge numbers, compared to which 
Archimede's numiber (which is approximately an estimation of the 
number of grains of sand necessary to fill the universe, as it was then 
conceived) is almost neg<ligiblc. How can we operate efficiently with 
such numbers? A solution would probably be the devising of a new 
system for writing natural noimbers, on<} which would. rep**esont a step 
forward from the present one, similar to the progress registered by the 
change from the Roman to the Arabic system. 

Modern mathematical logic dethonstrates a result that can be int^^r- 
pretod in tiie following way. Let us choose two universal computers A 
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.and B arbitrarily, the former a very slow one (for eJcample A performt 
an elementary operation in a century), and the latter a very rapid one 

(B performs lo'^ operations per sewnd), Some problems are so complex 
thatj by iwing computer B instead of A, we do not register any sijpiif- 
icant pmgress. To put it differently, he utmost comiplexity of the pro- 
blem eliminates the quantitative progress registered in the achievements 
of hardware. Hence, the im/portance vthat should be given to the "soft'' 
component which is ^duller''; apparently eclipsed by the "hard'* one. 

This is the reason why, although they do not score engineering per- 
formances, personal computers have succeeded in bringing about a 
radical change of outlook in the field of computer science. 

Universities and Industry 

The opening of higher education institutions towards the needs of 
industry, followed more and more often by the creation of uniN^ersity 
scifence (parks, and the like) in the vicinity of c^puses, has led to a 
mutually profitable symbiosis. One of the fields in which industry- 
education co-operation can be achieved with good results is precisely 
that of artificial intelligence, of the expert systems^ and the use and 
develoipment of information technologies. 

Computer technology has emerged as a privileged area of co-opera- 
tion between higher education and industry. The record of achievements 
in this field is impressive. Computer technology seems to represent an 
area in which alr<3ady the gap between "pure'* research (advances in Al 
for instance) and ^applied" .research has been so much reduced as to b^, 
practically nonexistent. It has been argued even that this link accounts 
for the intempestive renewals of both soft and hardware in NIT'o. JVEore- 
over, there are numerous examples of how ideas wliich originated in 
university laboratories were turned into lucrative industrial undertakings 
by tile researchers involved. Universities have in this way not only made 
proof of their claim that ideas make money : they have now proved that 
ideas make a great deed of money and th^t they can make it very rapidly. 

In industry, the future gniduate will woik in computer-assisted 
management, in oompuier-assisted design, in computer-assisted manu- 
facturing. The chances that whole factories may be comiputerized are 
increasing. Industry requires schools to pre vide it with graduates who 
know how to use computers and to provide upgrading courses in this 
field for its own staff. It is significant that in many instances, some 
3/4 of the upgrading courses for industry staff are in the fields of com- 
puter sciences, computer languages, programming, and computer simu- 
lation. 

: Young people have proved to be extremely skilful in computer 
prpgramming, in learning and in manipulating languages, in graphics, 
etc. Industry has found it advantageous to finance and to sponsor pro- 
jects in tliis field (and if it has not reached this conclusion, it can be 
convinced to do so). Institutions of higher education can, in tlieir turn, 
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derive great ben^ts (let-alone the financial support), by being involved 
in the. solution of real life proi|)lems of topical . interest of both a 
practical and scientific nature, 

A more advanced form ot co-operation is the organization of the 
practical work sessions of students" (an established practice for a long 
time) as well as stages of rei^earch or training organized irt industry fqr 
faculty members '(A recently introduced practice). 

Discussions about the forms of higher education-industry co-C)pera- 
tion in the field of computers coulcj be^ focused on such central topics 



as 



1. The improvement of management decision models and of their 
theoretical foundation. 

2. the improvement of CAD and of its theorotical foundation. 
:i Tho improvement of OAlM and of its theoretical foundation. 

4, The iiuti'oduotion of ICAI 'and ICAL in the indusitri^ij and technical 
fielcfe. 

5. Applications of advances in AI in various branches of industry. 



A New Area of Interuniversity Co-operation 

The creation of cWrseware is a typical example of teamwork. The 
resources are often shared by several universities. This spontaneous 
co-operation exists. It can be stimulated and facilitated at the national 
level by various tbodies in charge c** higher education : university de- 
partments themselves, university administration (the rectors), inter- 
university associations, professional organisations, ministries of educa- 
tion and research, etc. 

Some possible objectives and specific domains of this co-operation 
arc presented in the following table which summarizes the ideas men- 
tioned above : 



1. Exchan^'e of infoimatiou »'md experience on teach in.c(/loaraiing at 
the level of higher education. 

2, Exchange of exipericnce and co-operaftion in the creation of cour«ie- 
ware. 

3. The impwvcment of (prok'rannmes which fcicilitate the writing of 
courseware (authorinij «ystemis). 

4, Exchanigi? of (?xp<»rienic<^ in the production and Iho u<;e of higher 
level, education-oriented, knowledge-based <>oftware. 
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5. The ojso ol computer in research, particularty through the creation 
oi new data ha^ and the devising of now modalities for the use 
of existing ones. 

6. The networking of res(?arch units and of university libraries, so 
as to facilitate the on-line communication and the use of pooled 
research data bosies and of blbliogpaphical souixr(?s. 

7. The use of computers in the management of higher education 
institutions. ' 

;8. The use of computers for extensive studitys of student populations, 
as required for long and short term policy and decision making 
(trends in student applications, admissions, actual duration of 
studies, employment opportunities for graduates, etc.)/ 



There already exists a rich experience of such co-operation, partic- 
ularly iai the countries belonging to the Europe Region, It involves 
higher education institutions themselves, through their specialized 
departments, but also a large niimber of professional associations. 

Based on this experience, we list below some of the JEorms of intra 
and interuniversity co-operation at the national level, which have 
proved successful : 



1, Tha creation in each institution of higher education of a unit 
(centix?, group, or coordinating' body) with responsibilities for ,pro- 
moling thjc- introduction of N?ITs m tcachin^j/learnin^:, in research, 
and in the management of the rt»»pective iivstitution. 

2, The dovelcpmont of "computer-assisted education** i>i*oi,'ramme« 
with sixKiial emphasis on the involvement of university teachers 
from various dtypartmenl^ in an Interdisciplinary approach, 

3, The setting up of national centres to monitor, guide, and coor- 
dinafte the intix)ductian of NlTs in oducatloii and in computer^ 
based dovelapment, ]>rocessos of education. 

4.. IMie devekApment of natioiiu] pro^^rammes for the introduction 

NITs In higher ^education (equipm(*rit, coiii^eware, data bases, etc,). 
5. The encouragioK of the creation of scholarly puWications Oournals, 

bulletins,, s^^'ies of monographs and other periodical public^tiojis) 

devoted to com(>uter.based education, 
. 6. The organiijatWn periodic conferences and symppsic? for hiipher 

education teachers and msoarchers lyermiltirig them to meet and to 
, discuss topical related to the introduction of NIT's in hl-gher 

education^ * / 
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A New Area of Regional and International Co-<operation ^ 

: Themes 1 — 6 listed above are equally relevant for co-operation at 
the regipnal and the international level. To refer, for instance, to the 
Europe Re^ion^ we ha/ve been witnesses of late to the efforts made 'by 
practically all the European, couixtries to put to the fullest use, in their 
economic, industrial and social development, the progress achieved in 
new information technologies, including recent iidvances in AI. Such 
efforts have also invoWed co-operative undertakings, with beneficial 
result npt only in making better . and more efficient use of commonly 
shared resources but: also in promoting mutual knowledge, understanding, 
and goodwill among uie cQUntries concerned. 

There is, accordingly, ample room for further developing co-opera- 
tion among the countries of the Europe Region in the field of NlT's 
and their use in higher eudcation. Co-operation ventures couM include 
a wide spectrum of modalities including such forms as : 



1. Linking up national centres in charge of Nirrs, programmes in 
ediu^oation imto subregioml and regioml netioorks, so as to faciilitate 
the ivde flow of experience and of information and the joint use 
of pooled resources. 

2. The undertaking of joint research projects, ideally in close asso- 
ciation with and supported by indutry, with a view to advancing 
research, knowledge, and exipertise in the field of NIT^s in the 
countries of the Region. 

3. Publication of international periodicals and of monograph series in 
order to help circulate faster and wider results of research. 

4. Oiwnizatlon of periodic symposia and .conferences and support for 
the setting up of cooperative mechanisms and structures, in co- 
operation with international professional organizations and asso- 
ciations. 



Regional and international co-operation in the field of NiT's and 
their use for educational purposes is greatly facilitated by the inter- 
natioilal organizations — both governmental and nongovernmental — 
which are active in the field of higher education. Unesco for instance 
has developed a number of activities and programmes of its own and 
has encouraged a large number of initiatives, ' meant to promote ttie 
development of NIT's and their introduction In higher education, partic- 
ularly through regional and international co^K>peration for the poo^ng 
of resources. ' \ • 

Unosco has convened an international Congress on Education and 
Injortnatics : strengthening international co-operation, in April 19*89. It 
will reunite educators and trainers (decision makers^ adniinistrators, 
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teacl)er5, .edwational researcjuers and jrepresentatifves of the world of 
worK, mdwtrial.ists, and mffl5W|ad;ur^s of bwdware as well as authors 
an4 publishers of software and systems usinI in education from all 
.pgioji§ of ^the world. The Congress, will provide, an opportunity for 
t^ing. sfook of th^ present situation with r^ard to the interface be- 
tween education^and informatics while also outlining new prospects new 
obj^tives and new strategies for P ture action in this field. At the 
suMitle of ; the Cbng^^ew sugg^ts, international oo^-operation is regarded 
as p^yjipg major role, - ' 

In keeping with its constitutional responsiibilities and areas of 
action, Unesco will continue its efforts to strengthen regional and inter- 
natton^ co-operation in this important fieW of education, paitolarly 
at Its higher level Below is a list of areas and modalities of action 
ny which Unesco would be most beneficial to co-operation meant to 
promote the introduction of NIT's in higher education. 



1. The integrtition of the activities undertaken by varioas nnits of 
Unesco in the area, into a well cooi'dmated procpramme, focused 

■ on computeirHassisted ' Education and on other us^ of NlT»s in. 
education. 

2. At the level of the Europe Region, two decentralized units of 
Unesco, CKPES (the Euitjpean Centre for Hl^?her Education) and 
ROSTE (the Kegibnal Office for Science and Technology In Euji-o^k:) 
could develop, in close co-operation with tre re^^ional govemmentail 
Organizations as well as with ttie unlversi'ty organizations and with 
reipresentatlves of the industry, a lai^e-^icale co-oiperation project 
aihied at fostering reseaixih on and apiplicaition of NJTs in hi^fher 
educatiom ' » 

' 3. iSupjport ' f or link-Ups artd networking between university research 
laboratories, libraries, and data bases, with a view to assuring the 
frc^ flow of informatiorn iri tlie field of NI(T*s among the countries 
of the'Eurap*e Region. 
4. S/jpiport for the owinization of symposia and conferences which 
should provide platforms for a broad exchange of 'vioWs and ex- 
perience in the deveJopmont and use of NIT's. Among the topics 
which could bo addressed at' these meetings, the em^phasis could' 
fall on broader isfHies of a social, cultural, and phlldtoophlcal nature, 
relative to the introduction of NdTs in various domains of huiVian 
endeavour. 

G. Suiplpoii: for tiiose Eua*opean co-operation .schmcs aimed at provid- 
ing assistance to the developing countries in the field of NIO^s. 



Item 5 in the list above is indicative of the significant impact which 
the assimilation of the new Information technologies into the educa- 
tional process is having in' today's world context. The new technologies 
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are often blamed for the widening gap between countries and levels 
of educational systems. Intelligent programs and user-friendly inter- 
faces increase the accessibili'ty and the assimilation of the new computer- 
based technologies. It is worth ment* ^ning that the acute problems 
faced by developing coimtries (shortages of personnel, shortages of text- 
books and documentation, the adjustment to the training level of stu- 
dents) are greatly eased by the new technologies. The arguments of 
those who are confident in the application of computer technology in 
developing countries are strenghthened by the potential of the "artificial 
intelligence" stage characteristic of this technology in our decade. 
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Chapter I 



NEW TECHNOLOGIES AND THE EDUCATIONAL PROCESS 



The first chapter conceived as a general introductory debate on 
the vast topii; of the volume as a whole. The selection of articles has 
left out the discussion of the man-machuie relationship with its phi- 
losophical overtones, a topic which, no waders always gives irise to po- 
lemics. The ifive articles cover prianarily the position of the cognitive 
scitocfes, irt' particular of contemporary psychology, vis-a-vib the con- 
cern for enhancing creativity and nnovation which is regarded as the 
hasid aim pursued by the introduction of neW Inform'ation technologies 
in education. An overview of Oj^iniohs on the effect of computers on 
education ib then offered in one of the con/bribi<kions. Thfe chapter ends 
witii some points of view Underlining the imiportance of the problem 
for higher eduoa|tioh, patrticulariy for management and decision inaking 
processes, and with some challenges, namely the diffusion of the cog- 
nitive sciences and technologies and the development of electronic 
communication, which Ithe university community must face. 

The first article is by Margaret A. Boden, whose seminal books 
«Ai-tificial Intelligence and Natural Man" (1977), "Mind and Mechanisms" 
(1981), and "Artificial and Natural Man" (1987), have greatly contrib- 
uted to bridging the gap between human sciences and computers and 
have paved the way far the use of computational models in psychology. 
Her principal claim is that artificial intelligence (Al) makes an impor- 
tan;t contribution to the better understanding of human thinking pro- 
cesses and is, thus, in a position to assist them. For her, drawing con- 
cepts from AI is a gain for educational and developmental psychology. 
The author emphasizes the flexibility of tutorial progr<immes curricula 
based on AI as well as the importanc-o of AI for processes of creativity. 
The widespn^ad acquisition of personal computers requires that higher 
education studies set ,a new goal for themselves -— namely, that twch 
graduate shouW be iible to Use a ccxmputer and be fully aware of its 
potential. 

Academician Ljubomir Ilie\', the author of the book The Modelling 
Theory (1984), emphasizes the role that modelling plays in cog- 
nition. It has been rightly claimed that a discussion of the use of com- 
puters in education should take models like fineware and notions like 



43 



43 



NEW TECHNOLOGIES AND THE EDUCATIONAL PTIOCESS 



brainware into account in addition to softwa»rp and haaxiware. In the 
new outlook imported by AI, knowledge acquires |the central place 
which, in a former phase of computer development, was occupied by 
information. 

In the next article, Lloyd Steier presents the results of a study 
based on the Delphi method, the purpose of which was to ascertain |the 
opinions of several persons as to possible and probable changes in educa- 
tion, coming as a result of the use of compulters. The conclusions arc 
summarized by nine ideas on potentiial effects : ^l)- .ijc^t^nip^j^^ 
meat [to computer technology ; 2) technological change ; 3) impact on 
cuiTiculum ; 4) teaclier training 5) widespread ^ experimenftatior} • 6) 
teadio^^s folfe^; '?) i/eed ' f^r ' ptilicy k (all le\^l*>;-^)vmttjoi^ :^r<Mikms, 9) 
and major strategies for polity makers. 

Academician Germogen S. Pospelov, President of the National 
p)unci;r of ..^^rtificiajl,; J^telli^epce .ir> ; the, USSR; considers . that 
the ^pricpwity role, pi :/5pi«ntific ji-esearch ipsjtitution^ is now . tQ enrich 
exi^tin^ ^J^pwJ)^e with new. . ^uxents! ; >;|j^gai;ies, qalculatipn 

methods/ etc, by mej^nfi of pqwerful . compute cpniiqcteid to r\e:twoi:ks, 
Besearch in the At jfie]4 is 170 .longer, considered ^^,.b^?ing puirely t^e- 
oxetical, as was the liraditional viev^/ but as research )yith widie prajgti- 

applioatipn/ The article, .which appears in the form of an^injter- 
vjew givpn by aoEwiemician;, Pospel^^ to^l^^e Znanie ^^tq maj^zi^^^ is 
not only pon\ancing, but ajso sto ' 1 , 

The section ends with tl^ paper of Michele, Pellerey, which .draws 
our attention to the w^ay in which ne\v (nfprmation technologies require 
new solutions, especially from, the higher; edueajtion community^, wit^ 
regaaxi to liumiam valuer and buma i ; 




EDlJCATIO^AL IMPLICATIONS OF ARTIFICIAL INTELLIGENCE • 

Margaret A. BODEN i ' ' 

University of Sussex, Brighton, England 

The volcanic peaks of Fiji, desoribed by Rupert Brooke as the 
most fantastically shaped moun|tains in the world, remind me of the 
well-known reason for climbing Everest: "Because it is there" 
This reply may be adequate justification of the mountaineer's 
obsession, but it would not fe3i:pluin why people involved in 
eidoicatinn Should be interested in Artifff- ial Intelligence (AT). AI is 
the a.cem;<t to write programs enabling computers to do things that 
would mv Ive intelUgence if done by people (Boden, 1977). Like every 
Human aqtivity, it has lll^ own p^culi-iir fascination. But there are more 
pressing reasons why AI is educationally relevant, reasona both theore- 
tical and practical. " 

Many c-ognitive psychologists today look (to AI for help 'n under- 
standmg problem solving, learning, and in'telJig^noe. Even crealtivity 
might be illuminated by Al-related ideas. Psychological theory can be 
expected to influence pedpgogical practioe, and .relevant rceommenditlons 
have «keady been dmwn from thle AI vvay of thinking ^ibouiL thinking. 
The entry of AI into the classroom in the form of Al-based automatic 
t^tot^ calls for an appreciation of the differences between this r,p- 
proach and the traditional view of computer-^assilsted in&tructioa 
Current work wif.h hand:rapped children suggests that A I idea^i can 
help these children to rt^3:iize their intellectual and emotional potential 
And (the increasing use of computei-s in schools and universities 
pi^mpts people to ask whether social life will be impoverished by the 
widespread introdiuctton of 'Sintelligent" programs in educational insti- 
tutions. For these various reasons, then, educajtors might be expected 
to take an informed interest in AI. i 

Educational ]>sychology and pedagogical practice alike are unavoi- 
dably (If oflten Implicitly) influenced ■ by general psychology. Today, 
theoretical psychologists increasingly "draw concepts from AI and com- 
puter science in asking questions about thinking. According to |the com- 
putatioiTtftl a pproach, thinking is a struciiured, interpretative process. 

u.* rjf "intod with permission of thr> publisiu-in nnd of tlu- author from 

Vv.^,^l^\nl iS!^&J^^ ^''P'''''^^^ ^''^^^''^ Philadelphia : Waikiin InstuSle 
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Given this view, AI is in accord with many non~behaviorist psycholo- 
gists — such as Pioget. Indeed, AI agrees with Piaget in a number of 
ways, including its commitment to fonnalisni and cybarnetics, and 
the insight jthat psychology (being concerned witth meaning and symbol- 
manipulation) is semiotic rather than oamal. However, Piaget gave only 
vague answers to his questions aboujt thinking and its development ; he 
also failed to make his questions about these matters sufficiently de- 
tailed : his vocabulary of ^^disturbance", "regulation'' and "compensa- 
tion^* is inadequate to express *the procedural complexity involved 
<Boden, 1979). Nor is Piaget alone in this. Non-computational psy- 
chologisjts, in geneiral, tend to underemphasize mental process, t^ing 
it for granted as unproblematic rather than inquiring into iit. This is 
hairdly surprising, since computational conceplts are needed to express 
the content, structure, construction, comparibon, [transformation, func- 
tion,; and development of differing ;represen,tations and information- 
processes. A central lesson of Al» then, is that our theoretical , aim 
should be to specify |tlfe pnooedural comp^^xity of thinking! 

One way of attempting to do this is to w-rite computer programs 
ithat achieve an Intellectual task that human thinkers can manage. 
Because prQgram;nied procedures ;nust be explicitly and rigoirously de- 
fined, this ex^ercise may provide i^eas as to what psychologipal pro- 
cesses might' be involved ' — and it will oeirtainly help to locajte lacunae 
in current psyc]hi,ological theory. However,, the way in which a program 
does something may bear very little relation to the way in whixrh human 
minds do it. We need to make careful coipparisons between the varioois 
levels of the program and psychological data, to assess the degree of 
match between the artificial and the natural systems. In many cases, 
the relevant data are not available. Often, there are methodological 
difficulties ir deciding just which aspects of the program might be worth 
testing empirically (some aspects are included merely in order to pro- 
duce a program which will run, and have no psychological interest). 
And many psychologists . are not sufficiently inteiested in the activity 
of programming to vvant to spend their time in writing complex pro- 
grams. For those reasons — net to mention a positive commitment to 
working with human subjects — many psychologists sympathetic to AI 
do not desert empirical .research for the computer console. Instead, they 
try to plan their ' experiments with computational questions^ in mind, 
their studies being more closely focused on the pix>cedural details of 
thinJ^ing that is usual 

In developmental psychology, for instance, the computational influ- 
ence has been largely responsible for the increasing interest in micro- 
developmental research, which studies the dialectical interplay between 
action-sequences and changing cognitive representations (theories, mo- 
dels, heuristics, choice-criteria...). The emphasis of microdov^lopmental 
studies differs from more traditional approaches in emphasizing the 
specifics of action, on the assumption that the procedural detail of per- 
formanci) (not only its overall structure) gives clues to underlying com- 
petence. Admitedly, Piaget was one who took seriously details of action 
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AMh'jeh others had ignored as trivialities. But the degree of detail aimed 
at in microdevelopmental research is greater — and that , which would 
be needed to specify an adequate computational theory of these matters 
is greater still. 

For example, a mAorodeveioprnental i&tudy of chiadren's learning to 
balance blocks found that non-<balanced block may at first be ignored 
as an apparently irrelevant anomaly, and only later be accepted as a 
genuine ' counterexample challenging (and prompting an improvement 
of) the child's current theory (Karmiloff-Smith and Inhelder, 1975). This 
fact is not predicted, still less is it explained, by generalized talk of 
"accommodation". The experimenters suggested that time is needed for 
"consolidation" of any theory — but they did not ask just what consoli- 
dation is, and how it is effected. These questions would need to be 
answer^ if "consolidation" is to be accepted within a computational 
theory of cognitive change (Boden, 1981). ♦ i 

, In another example, microdevelopmental work has cast doubt on 
the cominon assumption that the classificatory power of five- and 
ten-year-Qlds is very similar (Thornton, 19&2). This "iew relies on the 
fact that the product of classification may be identical between these 
two age-groups, but it ignores the faot that the act^ity of sorting is 
significantly different. Thornton's experimental design highlights many 
procedural differences, and she interprets her observations in broadly 
computational terms. She suggests that children of ten treat the whule 
classification as a single unit composed of interrelated classes, that at 
five they proceed as though each class werf; independent of the others, 
and that seven-year-olds attend to the relations between classes so as 
spontaneously to, effect the transition by organizing their initially 
juxtaposed" procedures , into more coherent systems, She admits that 
the procedural content of concepts like these needs to be clarified if 
cognitive development is to be understood, and is currently attempting 
such a clarification with tlie help of Al-ideas. (With reference to bugs 
and creativity, both discussed below, one ^ould note that Thornton 
takes her work to show that cognitive change need r, a be failure-driven 
This conclusion is supported by the comparable fin.iing that a child 
asked to dri^w maps may spontaneously construct a more powerful map, 
?Q7Qis*^°^^ the current one has always succeeded [Karmilo^f-Smith, 

The educational potential of AI has been explicitly recognio^ed by a 
numiber of workers in the field- One of these is Seymour Pap ^rt (1980), 
an ex-colleaguc ,of Piaget who has been deeply influenced by Piaget's 
idefis about autonomous constructive learning and the epistemological 
relevance of the structure (not only of knowing but also) of what is 
known. Papert's ideas are likely to be influential, not least because in 
November 1981 he wap invited by President Mitterand of France to 
advise on a new Paris computer research center (with a budget of £20 
million a year) devoted to the developinent of a low-cost, pocket-sized 
comput.>r that will be available on a mass scale throughout the worid. 
In a recent book, Papert (1980) explores the promise of the nascent 
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^^omputer cuHure'V focusing not on the many uses people will find 
for computers, but rather on the power of computational environments 
to aff^t the'v/ay people think and learn — and, .crucially, the way 
they think about thems^ves. 

.Papert reminds us that fxsychologloal theories of thinking usually 
affect edoicational practice not via detailed hypotheses, but i^m relatively 
general ideas, and he identifies a numtoer of ^powerful ideas" that 
enaible uh to think more confidiently and effectively. An important 
example is the notion of "bugs" in thinking. This conceipt originated in 
computer programming, wherein one soon disco v^ers the uibiquity of 
bugsl Bugs are mistakes, but not just any mistakes ; a false factual 
assumption is Hot a bug, nor is a momentary slip in executing some 
procedure, nor the choice of a procedure that is wholly inappropriate 
to the goal. A bug is' a precis^y definable and relatively systematic, 
erroneous variation of a correct procedure: ' ^ 

Sev€?ral AI workers have attempted to classify bugs. Sussman (1975) 
distiTiguished several types in terms of * general teleological m>tions such 
as goal, bpother-'goals, and prerequisite ; he wrote a self^modifying 
learning program th&t diagnoded its bugs fib as to criticize and repair 
its sdf-programmitig accwcllhgly. More rec^tly, O'Shea and Youn^ 
(1978) have analyzed a large sample of children's subtraction errors in 
terms of the deletion or overg neral application of individual rules, such 
as the ^boiTowing" rule. Brown and VanLehn <1980) and Burton (1981) 
have also studied subtraction, ind their programs BUGGY and DEBUGGY 
provide a notation for precisely describing bugs, as well as a diagnostic 
tool for identifying errors^ in students' work. They are developing a "gene- 
rative theory of bugs ', c. :e<t of formal prindples that can bfe -applied to 
a particular (correct) procedural skill to generate all the bugs actually 
observed in the data, and no others. They expect their theory to predict 
the bugs that occur during the learning cxf arithmetic, algebra, and 
calculus (and, possibly,' operating computer systetns or controlling ' air 
traffic). ' 

Their central idea is that many bugs are "patches'* (a term drawn 
from computer programming) that arise from the attempt to repair a 
procedure that has encountered an impasse while solving a particular 
problem. TTie fiieory defines various repair heuristics and critics (proce- 
dures for finding mistakes in a strategy) and the way in which a repair 
will be attonripted is theoretically indepe-ndent of the reason why the 
pt'ocedure Wcis incorrect in the first place. This enables the authors to 
explain "bug-migration", wherein a subject has a different bug on two 
tests given only a few days apart. Using their diagnostic system, they 
find that only certain bugs migrate into each other, and that they seem 
to travel both ways. Fof instance, ^^Stops-Borrow-At-Zero'' migrates into 
"Borrow-Across-Zero*', and vice-versa. The hypothesis^ is that bugs- will 
migrate into ieach other if (as in this example) they can be Jerived by 
different repairs from the 'same impasse. Repair theory thus makes empi- 
rical predictions about the detailed pattern of errar^> :>bserved when 
people are learning skills of thinking. 
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Despite Its emphasis on error, "bug" is an optimistic rather than a 
defeatist notion. For it implies that elements of the correct procedure 
or skill are already possessed by the thinker, and that what is wrong 
•! ^ff^^^^'le error that can be identified and fixed. In this 

It differs from the broader notions of '^anomaly" and "counterexample" 
the educational value of which has been stressed for instance in the 
Piagetian tradition (Groen, 1978), As Papert puts it, the concept of bug 
helps one to think about thinking in "mind-sized bites". These insights 
led Papert to develop the LOGO programming language (usable even 

conviction that AI in the classroom could lead 
childi^n to a fruitful insight about their own thinking abilities. There 
is some evidence that experience of LOGO-programming does indeed 
encourage children to replace the passively defeatist, "I*^ no good at 

JpLIo^T 1 aQn"" T'''' constructive, "Kow can I make myself better at it ?" 
(Papert, 1980 ; Howe et al., 1979). 

Thus Papert stresses the educational value of the activity of pro- 
gramming itself. But AI can enter the classroom in another way, namely 
in the form of tutorial programs. Automatic teaching aids, of a sort 
have long been with us. B, F. Skinner's "teaching machines", and their 
descendants in Computer Assisted Instruction (CAI), can vary their 
response to a limited degree with the student's level of understanding, 
py means of branched programs with predefined choice-points. But the 
flexibility of tutorial programs based in AI is much greater because 
tney incorporate complex computational models of students* reasoning 
that enable them to respond in more subtly adaptive ways. A number 
of such programs already exist that are useful in limited domains, and 

RrnT ^o°oT o'r"^ *h^^°rl«i are working on those issues (Sleeman & 
iirown, 1981). Only if a clear articulation of the knowledge involved in 
the chosen dom^ain has been achieved can it be embodied in an instruc- 
tional program — though before this embodiment in might be usable by 
a hunian teach-r in an instructional program. DEBUGGY, for instance 
•IS as good as or better than human diagnosticians at discovering the 
iu" 7 hundred bugs that explain a student's subtraction error. In 
the hands of a specially primed teacher, it can be put to use in the 
c assrooin. It has not yet been incorporated within a rem(\3ial program, 
with which students can interact to improve their subtraction skill ; nor 
has It yet been presented so as to be a diagnostic aid for a mathematics 
teacher. But those t'ducational dovolopments are in the forefront of the 
authors minds ; one of Browns aims has boon to develop diagnostic and 
remedial principles that can be used by tutors — whether human or 
automa ic — t^D help, people loarn (Brown & Burton, 1975). (Some prac- 
tice with DEBUGGY might profitably be provided in teacher-training 
coursed, oven though it cannot yet be adapted as a classroom tool.) 

We have seen that AI helps to foster a constructive r«ther than a 
defeatist attitude to our mistakes. But to emphasize the creative poten- 
tial of bugs is not to say that all cn^ative thinking is a reactive response 
to failure (Boden. 1981). On the contrary, it oft«m appears to be grounded 
in a spontaneous exploratory urge. This much is recognized '^y ijsycho- 
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logical accounts of creativity in terms of ^^ompetence", '^adaptation- 
level", *'fwictional assimilation'*/ and *^play'\ However, creativity cannot 
be understood by way of these concepts, nor by any other structurally 
undifferentiated, quasi-quantitative, notions of novelty ^md familiarity. 
For such concepts enable us to say little or nothing about precisely how 
individual creative achievements come about. A theory of creative 
thinking should be able to explain how these or those novel thoughts 
are generated, how promising pathways are recognized in preference to 
probable dead ends, and how potentially • interesting ideas are distin- 
guished from novel banalities. • 

The idea thait AI might help answer these questions strikes many 
people as paradoxical. It is commonly assumed that, because of its 
programmi'ng provenance, AI maast be fundamentally incapable of 
modelling creativity. Were this so, its educational relevance would be 
gravely limited, for a prime aim of education is to encourage creativity. 
However, unless it is either random or essentially mysterious, creativity 
must be grounded in some systematic, generative principles. From the 
viewpoint of theoretical psychology, which assumes thinking itself to 
be food for iscientific thought, to regard creativity as essentially myste- 
rious is to be intellectually defeatist. That creativity cannot be a ran- 
dom process (though there is sometimes a random aspect to it) is recog- 
nized by all who scorn the idea that a barrowload of monkeys with 
typewriters could produce Hamlet. Rules or generative principles there 
must then be, and since AI is specifically concerned with transforma- 
tions in generative structures, we may expect it to be relevant. 

Although most AI studies do not attempt to model systems in which 
genuinely novel ideas arise or in which radical constraints are relaxed, 
some relevant work has been done. For instance, I^enaf s (1977 a ; 1977 b) 
"Automatic Mathematician'^ starts off with some elementary concqpts 
of set-theory and a collection of heuristics (rules for combining, transfor - 
ming, and comparing concepts), and sets out to explore their potential 
in an open-ended way to discover new mathematical concepts. Signi- 
ficantly, the program does not merely churn out new ideas, but focuses 
on some heuristic pathways as more likely to bo promising than others, 
and on some novel ideas as more interesting than others. Thus, having 
discovered the natural numbers and decided to explore this path, it then 
discovers and dubs ^interesting'' concepts such as prime numbers, square 
roots, and maximally divisible numbers (wilh respect to which the last 
program developed two minor new restilts in number theory). 

Granted that the heuristics were thought up by Lenat (1977 b) 
rather than by the program, it is significant — and surprising to many 
people — tVat this sort of fruitful exploratory thinking can be formally 
represented at all. The degree of creativity evinced by the program is, 
however, difficult to assess. The concept of creativity is itself so unclear 
that it 'is not obvious just what would count as "discovering", or 
^'creating", natural number theory (or anything else). Critics (Hanna 
and Ritchie, iy«l) ha 'e remarked that U^nat (1977 b) does not list all 
the concepts regarded by the program as interesting : perhaps a high 
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proportion were mathmatically, trivial. lit is no* clear from the published 
accounts whether some crucial "discoveries" were made possible only 
by the use of unacceptahly od hoc heuristics, nor is it easy to draw the 
line between an acceptably specialized expert heiu-istic and a disin- 
genuous pw^amming trick. Certainly, many of the heuristics are highly 
domain-specific, relevant only to set theory. But it is a prime theore- 
tical claim of Lenat's (19-77 b) that intelligence depends heavily on 
exipert knowledge, as opposed to general' skills. 

•Lenat's view thatt social-purpose heuristic^ are necessary to creative 
thinking is consonant with the view of intelligence now held by many 
people in Al. In the early days of AI research, it was a common assump- 
tion that very general thinking procedures suffice to solve most pro- 
blems. This faith was reflected in the title of one of the most famous 
early j>rograms, the ^'General Problem Solver" (Newell and Simon, 1963), 
and it motivated much of the early work in "theorem-proving". Since 
then, it has become increasingly apparent that, while there are some 
relatively general strategies (such as depth-first or breadth^irst search, 
for instance), the intelligent deployment of knowledge also involves 
large numbers of domain-specific heuristics suited <-o the structure of 
the subject metter concerned. 

Like thf .otion of "buggy thinking", this view of intelligence con- 
ti'adiots the all-too-common idea that intelligence is a monolithic ability, 
which one either has or lacks. If more ammunition against so-called 
"intelllgenoe tests" Were needed, there is a full arsenal here : the AI 
approach highlights the absurdity of trying to assess people's intelli- 
gence by deliberately preventing them from using any of itheir ' acquired 
expertise (Gregory, 1 981 , pp. 295—333). 

Since intelligence is the deployment of many special-purpose skills, 
learning and microdevelopment must involve the gradual acquisition of 
a myriad of domain-specific facts and heuristics. Many of these arc 
presumably picked up during the initial immersion in a problem domain, 
when the unskilled person may appear to be merely thrashing around. 
Just how they are picked up is, however, obscure. Microdevelopmental 
studies thus need to focus on precisely what information is being atten- 
ded to by the child at a given time, and what micro-strategies he is using 
to deploy it, with what results. 

The case for asking these informational questions, with reference to 
distinct prcx;edural rules, has been argued in the context of an AI model 
of children's seriation behavior. Young (1976) showe d that qualitative 
behavioral differences can result from the addition or deletion of one 
simply definable Condition-Action rule. Moreover, the use of a rule, 
once acquired, depends on tests related tr its appr*opriateness in a par- 
ticular context of information. i<'or example, even adults will use a 
trial-and-error seriation strategy if given a large numiber of blocks, 
differing only slightly in length. Piaget explained this in terms of 
regression from the formal to the concrete-opemtional stage, implyin^>- 
that the subject chooses a sub-optimal method over an optimal, one 
However, the informational demands here differ from those where there 
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are only a few blocks, of obviously differing lengths. The perceptual 
judgment of which block is the largest (or smallest) cannot be made 
instantly, sincd the information from so many blocks cannot be handled 
all at once. Consequently, the optimal informational strategy is to com- 
pare the blocks one by one. Young's study of seriation (1976) is in the 
microdevelopmental rather than the macrodevelopmental category, not 
only because he is able to explain minute details of behavior (such as 
the stretching out of the hand towards a block that is not then picked 
Uip), but because of his Al-^based view that intelligent behavior is better 
described in terms of many independent rules than it is in terms of 
holistic structures. 

Handicapped children can benefit greatly from an Al-^based compu- 
tational environment (Weir, 1981 ; Weir and Enianuel, 1976). I have in 
niind here not the use of computers as gadgetry (controlling typewriters 
and the like), practically important though these are. Rather, 1 am think- 
ing of recent research showing how AI can help encoiurage a variety 
of intellectual and emotional abilities ; AI can be used not only to study 
the mind of a handicapped person, but also to liberate and develop it. 
Weir, a psychiatrist with a mastery of AI techniques, has worked with 
a number of different handicaps and has started a long-term project 
with the sponsorship of the Massachusetts Institute of Technology. 
Commenting on the varied examples she describes, Weir points . out 
that we have as yet only srratched the surface of what is possible. 

For example, her Wu/k with a severely autistic child suggests that 
a sense of autonomous control (over oneself and others) may develop 
for the first time as a result of the experience of interactive (LOGO) 
programming. The immediacy of results and the non-human context (in 
which the threat of personal rejection or adverse judgment is removed) 
combine to provide an inducement for the, emotionally withdrawn child 
to venture into a world not only of action, but of interaction. Interaction 
with human beings follows, apparently facilitated by the computational 
experience. 

Another example is our wish to build and improve the spatial 
intelligence of severely palsied children. Since they lack normal sen- 
sorimotor experience, we might expect them to suffer from generalized 
disabilities of spatial cognition. But manipulative tests are clearly of 
little value in Dssc^ssing just what abilities a palsied child has or lacks. 
The use of computer graphics (for which LOGO was developed) provides 
a window onto the intelligence of these children, one that allows diag- 
nosis of their specific difficulties in understanding spatial concepts. 
Weir's aim is not just to understand their minds but to help change 
them ; she has the satisfaction of reix)rting considerable advances in. the 
children's intellectual achievement and general self-confidence. 

Linguistic defects, too, may be bypassed in assessments based on 
computer graphics. For int^tance, a grossly dyslexic boy was found by 
Weir to have superior si>atial intelligence, involving highly developed 
metaknowledge (knowledge about knowledge) in the spatial domain. 
The dissociation between linguistic and spatial knowledge is, of course, 
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consonant, with the AI view of intelligence discussed above. Much as I 
suggested that DEBUGGY might be useful for teacher training even 
though it is not- rpady. as a classroom tool, so ideas from Weir's LOGO 
projects might be useful in training teachers for the handicapped. But 
sinc^ it is a prime claim of her approach that the experience of interac- 
tion with a LOGO machine is itself highly therapeutic, she would 
J^imend increased availability of computers for use by handicapped 

This raises an aspect of the "computer culture ' awaiting our chil- 
dren that has not yet been mentioned, namely, the enormous increase 
m the numtoer of computers used in society. By 1980 there were already 
two million personal computers in use in the United States (Levin and 
Kareev, 1980), and the market is expanding ; and there is an increasing 
use of programs by institutions (governmental, medical, educational, and 
commercial). In their discussion of «the future with microelectronics", 
Barron and Ournow (1979) point out that, as well as vocational training 
and, adult retraining, we shall need contextual education to ensure that 
everyone is aware of the technology and its possible consequences As 
users get less expert, there will be an increasingly urgent need for 
relevant nonspecialist courses in higher education. They conclude that. 
It should perhaps be a taiiget that every graduate has the capability 
to use computer systems and a thorough understanding of their poten- 
tial [and, I would add, of their limitations] ' (p. 231). 

Several universities already have courses with these aims in mind, 
and some people are already doing comparable work with school pupils. 
For instance, we at the University of Sussex have found that one can 
alert naive (and non-numerate) users on their first day of programming 
experience to the facts that even an "intelligent" program is incapable 
of doing many things we might prima facie expect it to do, and that 
even a nonspecialist may modify the program so as to make it ic^ss 
limited. A conversational ci visual program, for example is initially 
impressive, but the user soon realizes that apparently obvious inferences 
about the meaning of the input words or pictures are not actually being 
made by it. The beginner student can then attempt to supply the missing 
rule so that the unmade inference can now be drawn. Since they them- 
selves are altering these complex systems, students gain confidence in 
the activity of programming. More important, they realize that pro- 
grams, however impressive they may be, are neither godlike nor 
unalterable. 

These insights would not readily -bo communicated merely by tea- 
ching students to program — in FORTRAN, for example, or BASIC. They 
are best conveyed by prepared teaching demonstrations which make use 
of AI techniques. (Ours owe a groat debt to the late Max Clowes, whose 
imagmative vision of studont-frlondly computing environments inspired 
us all.). Educational projects such as these are socially important, since 
for most people the ability to write usable programs will be loss impor- 
tant than the ability to use — and to avoid misusing — programs written 
by others. This sort of computer literacy will be necessary if people 
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are to* be able to take aidvantai,^ of this new techn-ology rather than 
being taken advantage of by it. 

Widespread access to computing environments, especially in pri- 
mary or middle schools, may have signlficattt social«-psychological effects. 
The comiputer joxnfcie, or "haOker" (Weis^ubaum, 1976, pp. 115— *126) has 
already appeared in infantile form — so much so that a brochure for a 
children's compa:iter camp r&assured parents that their offspring would 
not be allowed to remain at the terminal -all day, that they would be 
forced to ride, swim, or play tennis. Whether this presents a threat 
to normal social development is not yet known. Research on the impact 
of such environments on young children*s play patterns is currently 
being planned (Robert Hughes, National Playing-Fields Association : 
personal communication), in the hope that any unwelcome changes in 
play behavior could be forestalled. 

We should not assume, however, that any changes in* sodal 
interaction would necessarily be unwelcome. For instance, there is evi- 
dence in the LOGO projects that the greater self-confidence, induced by 
a child's experience of computing, can lead to less antisocial behavior. 
Moreover, programming contexts are in some ways less threatening or 
oppressive than interpersonal ones, and so have a liberating potential 
that could be useful in education. Thiis potential has already been men- 
tioned with respect to the autistic child who was led to interact with 
people after the safer experimentation in a compoxtational environment ; 
it has also been observed in the context of medical interviewing (Card 
et aL, 1974). A computer system is something to which (not to whom) 
one can direct remarks that do not carry the usual social conseq-uences 
(Pateman, l&Sl). Interaction with the system thus avoids the sort of 
face-'Saving maneoivers which, in interpersonal contexts, can inhibit tlie 
creative exploration of ideas : "I wonder what it will do if I say this 
is significantly less threatening than **I wonder what she will think of 
me if I say that r\ 

In sum, AI has much to offer to people involved in the theory and 
practice of education. It can help both in the understanding and the 
improvement of thinking. Through its influence on cognitive and 
developmental psychology, AI promises to deepen our insight into the 
procedural . complexities of thought. Through its applications in the 
classroom, APs view of intelligence as a self-corrective, constructi^^e 
activity can foster personal autonomy and selfKionfidence. This is so 
with resp^t to normal and handicapp-ed students, children and adults, 
listed as the basis of intelligent tutorial programs, AI can offer greater 
aid and challenge to both student and teacher than the more familiar 
forms of computer-assisted instruction. Last but not least, AI ideas can 
bo usetd to convey a deeper underst'anding of the potential and the 
limitations of programs, in societies where computer literacy will be 
an incrt^asingly important aspect of the communal good. The satisfactions 
of viewing AI are not those of scaling Tomaniivi or the Namosi Peaks, 
lioit AI, too, is there : let us not fail to explore it. 
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1. Knowledge begins from the object, passes through the image in 
the conscience of the subject and is formed through a description by 
some means in a modp.l. The image is a subjective possession. The 
model is an object. 

The initial level of every research is qualitivtive. This is the process 
of finding out the qualitative regular features in the object. The quan- 
titative period follo^vs, during which the result of applying specific 
methods and experiments on the object are measured and the data 
obtained are processed most of all statistically and graphycally. When 
these stages are developed to a great extent, a new level begins — the 
level of investigating most complx regular features of the objett. We 
shall refer to it as the functional level. 

Hero, object may denote a given object in some science, a sphere 
within that science or that science itself. 

At every one of those levels some processes can be described by 
mathematical means. This is mathematical modollnig. Sometimes, the 
whole model can be described mathematically. This is a mathematical 
model of the object. 

Mathematical modelling is of special significance on the functional 
level of research, no matter whether it is ai>plied to a separate object 
or to some science, to some parts of that science or to a complex of 
scientific fields of different sciences. Every sphere of scientific research 
reaches such a level. 

The creation of a mathematical model of a phenomenon under 
investigation, which is not fully studied, is of extraordinary importance. 
This is be«iu,se its pror^erties are "isomorphic", adequate, identical to <ho 
properties of the mathematical model. Rosourch is reduced to solving 
a mathematical problem. If its solution is already Imown, then the 
phenomenon studied is also known. Mathematics has already treated it. 
Some people Lhink that this is a knowledge "a priori". It is .simply 
a miithomatical knowledge. Mathematical models are simpler and thai 
is why their investigation reveals faster the knowledge of some 
phenomena. 

Henching the stage of mathematical morlclling in some field of 
research is a revolutionary phenomenon in this fiiold. The effectiveness 
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of scientific reseaji*ch and its applioations increases in «a leapwise man- 
ner. A possibility arises |to pnediot the future state, knowing the initial 
conditions of «th€ processes in tliis field. \ 

At the saane time conditions arise for a part of this field |to be 
malthematized and developed as an isomorphic model of mathematical 
fields. In this way, sciences hybrid with miathemjatics -aare created. Such 
sciences are mathematical mechanics, mathematical physics, mathema- 
tical lingustics. This process has become exceptionally explosive after 
the invention of computers and the develaiJmeAt of Informaftics. 

The processes of qualitative, quantitative, functional <research and 
mathematical modelling within them unite in a propess, characfteristic 
for every research in all science, in different sciences, in their fields 
or in the historical development of science in genenal. 

The product cf the object inveS(tigation. is a model. It is a ^lew 
object. It contains reflected information, knowleidige of the abject. We 
shall call it reflected knowledge. 

The model may b^ every kind of object — a thing or a phenome- 
non. Sometimes, it may be a hypothesis or a theory. 

We shall repeat : these are different kinds of reflected knowledge. 

The model as an object can be explored by some of (the methods 
given above. The i^ult is a model of a model — a higher level of ^ab- 
straction and knowledge. It is .inflected knowledge, too. 

Since, hypotheses, theories, me(thods and other kinds of description 
of objective reality are models, they are. objects las well — products of 
knowledge. 

A new object (a new method, a new theory, an object in nature, 
etc.) leads to a fuiidamentol stage of research A possibility for obtain- 
ing new images arises. Such possibilities sti(m^llate greatly creativi'ty 
and give impetus to it. Research may pass through all levels of the 
investigation process — the qualiitativo, the qutantitative and the func- 
tional level. 

At this stage, the final product is a 7iew model — new reflected 
knowledge. 

The theory of reflected knowledge — from the obj-ect to the mo- 
del is the theory of modelling. 

The levels of object investigation — from .the object to tho model 
determine a stage that we calkxi fundamental. The investigation pro- 
cess applied to a given abject, respectively, is Uf^ually called funda- 
mental research. 

Obtaining the model of a neto object is the procorss of fundamen- 
tal research in the part of reflected knowledge. 

The model presents a possibility of obtaining new, still unknown 
im<iges — corollaries. The i)rocedure of processing k7iowledge in the 
process of fundamental resiewch bogins. Tho new, unknown till then 
corollaries may be unex]XK:ted, even nuitation-il for tho ]>recoding 
knowledge. They are obtained by processing the part of reflect(.^d knowl * 
cKige in the process of fundamental research. As corollaries they an^ 
liiahle to a test of adequacy to objective reality. 
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Obtaining corollaries of the model of a new object , is a funda- 
mental research in the part of processed knowledge. 

The model of a new object and the corollaries of the model of 
thiS'objiect in unity form the process of fundamental research. 

Both constituents of this prooesa are in dialectic unity and they 
define the notion of fundamental research. 

The process of fundamental research i« tte first stage of scienti- 
fic research. . . 

When the new ii.iages and their superpositions aa'e mastered to a 
consideraible extent, there begins the stage of their regular use in the 
investigatiton of more specific properties and the creation of new pro- 
jects. We shall call it the engineering stage of research. The notion 
*'gene engineering" is well known. Many activities in the engineering 
sciences possess these features. This fact accourtts for the term 
proposed. - 

These ttwo stages stimuliate the technological stage — the creative 
application of the i^ults obtained.' Under some conditions at this stage 
technologiziation may be reached — tne mass utilization of this field. 

To keep the technology up-to-date, new objects, including new 
methods in the diffeirent fields lao^e needed ito yield new funda-mental 
and engineering results. They will stimulate new technologies. Other- 
wise, this field will get exhausted. Whole fields in science and art may 
be and have been exhausted in respect of objects and methods, as well. 

The phenomenon of upheaval a. id exhaustion in different fields of 
human activity due to the introduction and exhaustion of new means in 
them will be oolled pulsation. 

Science has three stages of development ; fundamental, engineeriaig 
and technological. 

During |the first part of the fundaimeoital stage, at the different 
Uwels — qualitative, quantitative and functional, a model of the scien- 
tific object is searched — (that is reflected knowledge. 

During the second part of the fundameiital stage land throughout 
|bhe engineering and technological stagies the knowledge obtadned is 
processed. 

Knowledge has two categories : reflected and processed. 
The science c^f obtaining models from objective reality is called 
theory of modelling. It comi^rlses the theory of reflectioji. 

The science of infonmation processing is called informatics. 
Knowledge may be reflected or processed. 

The theory of knowledge is a unity betiueen theory of modelling 
and informatics. 

We may s/ay, that it is either generalized modelling or generalized 
informatics. 

More generally : tlie science of processing information is called 
informatics. 

Informatics aims at deriving the corollaries, following from a 
data complex. 

For example, a logiail reasoning dir(H^te:l to derive a corollary from 
some (X)nditions is an information processing — informatics. 
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Every sepapaite case of informataon processing is a process. 

The information processing under a certain condition defines a 
concrrte informatics, sometimes specialized. 

Such a condition exists in the definition of the Paris Academy of 
Sciences : Rational injormation processing mainly by computers. 

Here, the restriction does not arise from the condition ^'national** 
— that is scientific, but from the requirement "by computers''. 

Sihce a computer carries out logico-maithomatical operations, then 
this definition determines |the notion mathematical injormatics. 

As in the modern epoch, by a mutation, the information processing 
is carried out almost only by computers, then the modem state^ the 
modern nbme of informatics is mathematical ' iriformatics. 

2. Tlie processes of invesiigation just described — from the object, 
thix)Ugh the image in the subject to |the theory ^and the iproccssing of 
knowledge on different stages are object of the jtheory of knowledge. 

This is the object of human knowledge, of human activities, of 
huvum intelligence. 

Wh&^ is artificial intelligence ? What is its connection with human 
intelligence, with the intelligence of the subject — the man ? 

We have shortly described the steps of human knowledge. This 
knowledge must serve man. For the processes familiar to people, one 
«*eeks "simple'* ways of finding out their corollaries, one seeks algo- 
rithms, Algorithmris c^n be oai-ried oujt by people, too, who do not know 
the processes. We may aquaint someone who does not understand math- 
ematics, with the Euclid algorithm and he will find the greatest com- 
mon divisor of two integers. Something mow. We can construct a 
machine — an automaton, which carries out these functions. 

Automata can be constructed for algorithms — automatized pro- 
cesses, starting from the weaving loom to the computer and so on. 
What are the consequences ? i 

First. Thus knowledge mastered by man is delivered to the ma- 
chine. He is free from thinking of this phenomenon and can turn his 
mind to other processes. The machine takes his place. In this way 
thoughts and efforts are in di)a,lecUc unity. Nowadays labour — intel- 
lectural or in the field of art is what makes man. T\\e algorithm is a 
synthesized thought. The automation is a materialized algorithm. It 
is impossible to achieve such a form for every process. 

Man\s habits are nothing dse but the realization of this process — > 
the transition of some mastered intellectual processes to other organs. 

Second. The automaton, the machine, the computw can ptssess 
parameters and functions more p^^rfect than those of man. For instance, 
speed ; or information capacity ; data bases: 

In (this way, what man can do with his knowledge, although in 
time unreal according to some criterions, the machine can carry out 
in real time, tnus realizing the same knowledge. Some nnutations 
for intellectual processing pos.sibilities (processes) arise. Th/t? machine 
assumes and presents us masses of knowledge. 
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. This mutaitional process is a result of human knowledge and the 
propertdes of the automaton's elements. 

The mutations caused by the automaton may lead to some proper- 
tli; of the objects unknown till that time, i. e. new kno vledge. 

Software can pi-ogran>me systems analogical to the processes 
cainri«d out by human intelligence — linnuistic problems, .ii5siimila(tion 
of knowledge, solving problems, pieces of reasoning. Of course, for tills 
purpose, the architecture of the machine' must possess the necessary al- 
gont^hms. All of this is done by human intelligence. But Ithe imachine 
also performs these "intellectual" functions, acts like an intellect. These 
are intelligent systems of d?ta bases. In some cases, mutational with re- 
spect to some parametei^, the results cannot be obtained by man. The 
systems are man's produot, but the results cannot be obtained by him. 
The artificial intelligence comes ilnto existence. 

So we get the link — man, machine, intelligent i-ystem, mutational 
possibilities for human knowledge ~ the problem of vv'hat comes fi!rst. 

The important thing is that the theory of knowledge cannot ignore 
this complete process .any longer. There is a new component in this 
theory, too. Its object is called artificial intelligence. As far as it con- 
tains such notions as algorithm and information processing, it is rela- 
ted to mathematics, too. There also exist mathematical ,:)roblems of arti- 
ficial intelligence. 

Creating artificial intelligence is a man's art. Of in other words, 
it is of no importance what is stronger — human or artificial intelli- 
gence. What matters is that artificial intelligence makes man sti-onger 
than he is without it. Artificial in|teMigenoe is a revolutionary new i>a.rt 
ot natural intelligence. The origin of artificial intelligence has other as- 
peqts, too. 

3. Now let us make some additional reasoning. The assimilation of 
knowledge, from the object through the image io the (model, passing 
through qualitative, quantitative and functional stages prnsents an 
immedmte, directly reflected knowledge. The model is a description of 
the image of an object. It is a new object. It can be a thing, a function- 
ality, a hypothesis, a theory. Still, let us repeat, it is a directly reflec- 
ted knowledge. The model gives knowledge which cm be processed New 
corollaries are obtained. They are knowledge. Some of them may 
new. This knowledge is not immediate. Let us call it processed knoivl- 
edge. So we have introduced the categories : dir ;ct knowledge and pro- 
cessed knowledge. 

In order to obtain the two kinds of knowledge, science creates metli- 
ods. Sometimes, some method may create mutational states in the 
knowledge obtained. 

Thus, the invention of microsco{xj and nowadays of the electronic 
microscoi^e led to a mutational slate in direct knowledge, for instance 
in biology. The invention of the telescope brought about such a state in 
astronomy. 
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I The dnv eritation of the computers created the computer mathematical 
modelling or contemporary informatics, i.e. the inform::«ion processing 
by computers. It caused mutational states in all fields of pjx)oessed Jcnowl- 
edge. Even the notion ^^artiifacial intelligence** came inito being. The 
terms "natural intelligence'' land *'airtificial intelligence" denote the mu- 
tational processes in assimilation of processed Knowledge and in theory 
of knowledge in genei^l. 

Mutational phenomena may give rise to new situations also in some 
piast fimdamental stages in different fields of scientific knowledge, i. e. 
to irepew the process of knowledge, to pose new fundamental probleons. 
That is quite natural, as new methods are introduced in this field. In 
this way, it ^s possibly to find out an object for new direct knowledge. 
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COiyiPyTER TECHNOLOGY AND EDUCATION • 

Lloyd P. STEIER 
University of Alberta, Canada 

It is generally agreed that computers are the dominant technological 
artifact of our time'. Lepper (1985) reflects the view of numerous writ- 
ers : "We are curi-ently on the edge of a revolution in technology that 
may evnitually prove more sweeping and significant than any other 
technological advajnce in the' last 200 years — the revolution that is 
likely to occur as powerful microcomputers begin t6 infiltnarte our lives'' 
(p. 1). Masuda (1980) describes computer technology as fueling a trans- 
formation from an industrial society to an iriformoition society. The wide- 
spread acquisition of computers by schools is often cited as reflecting 
this societal tnansformation. Numerous ropoMs attest to it^he rapid 
growth in numbers of computers in the schools of most of the provin- 
ces and states (Bork, 1984; Moiigan, 1984 ; Peti'uk, 1985; Weiner, 
1984). Computers have generated a great deal of enthusiasm and ex- 
citement as schools continue to acquire them at a rapid rate. Shavelsom 
and Salomon (1985); identify a major reason for these developments : 
'For the first time, a genuinely 'thinking' Interacting, technology, the 
coniputer, has become readily available to education... The peda- 
gogical promise of the new information technology is boundless" (p. 4). 

Despite the large-scale acquisition of computers in schools there 
is increasing concern that they are having a limiited impact on the in- 
structionfU process (Becker, 1984 ; Bork, 1984 ; Ebiscb, 1984 ; Papert, 
1979 ; Shavelson et al., 1984 ; Shcingold, Kane, &' Endreweit, 1983 ; 
Weizenbaum, 1979). Two contrasfting visions of the potential of compu- 
ters in education are pnesedied by Kohl (Ebisch, 1984) : 



Computers are special, they're not just im olectronic vei-sion 
of (the saj-ne old boring school tools. But they could be used 
to reinforce the worst practices of schools... The other pos- 
sibility is that the computer becomes a tool to extend the 
capabilities of one's mind, a device for modelling possible 
worlds, for doing scientific simulations, for allowing kids at a 




ERIC 




ERIC 



COMPUTER TECHNOLOOy AND EDUQATION 

very young age to begin to see that you can control variaibls}s 
and understand systems and do these intellectual things vi- 
sually, (p. 38). 

Kohl's more promising pedagogical vision of computer technology 
will not be achieved easily. Shavelson and Saloman (1985) suggest that : 
"The impact of the new technology on cognition is not guaranteed. Its 
impact depends largely on how students land teachers use the new (tech- 
nology'' (p. 4). F'or Leppei' (1985), the time for research is now : **Yet 
it seems critical to examine the larger issues, before this technology be- 
comes such an integral part of our daily liives that it will be, as was 
the case with commercial television, too late to aslc critical questions'' 
(p. 16). Representative of much of 'he questioning in the area are 
those questions with a future orientation. By gaining a clearer vi- 
sion of the future, asliing critical questions, and establishing aippi-opri- 
ate pclicies, we can make better »use of this new technology. 

Realizing the educational potential of computer technology largely 
dependis on developing appropriate policies relevant to the technology. 
Dunn (1981, pp. 6 — 24) establishes that historically there has always 
been a need for infoiTnation relevant to policy making. He also ob- 
serves that the industrial revolution and more recently the advent of 
a "postiixdustrial society" have accelerated the need for information 
lelevant to policy makimg. 

A recognized means of generating information relevant to policy 
making are policy anaJysis studies. Quade (1975) describes policy ana- 
lysis as : "any type of analysis that generates and present.-; 
informaUon in such a way as to improve the basis for policy 
makt^rs to exercise their judgement" (p. .4). A commonly used 
technique in policy analysis studies is forecasting. Dunn (1981) 
suggests that forecasting techniques are soilted for problems 
related to tincortainty, especially those that ar6 "mossy*' or *HU 
structured" (p. 195), This article reports on a study \vhich utilized a 
forecasting technique knoWn as Policy Dolphi. 

The purpose of the study was to identify those changes in educa- 
tion, over the next five years, which were both probable and possible 
through the continued introduotion of computers, as well as to identify 
potential patterns for arriving at a normative (desired) future. As pre- 
vious studies (BaiTington, 1981 : Sollinger, 1984) had reported problems 
related to the Delphi technique, an additional purpose of the study 
was to further refine the Delphi, particularly in the area of maintain- 
ing ^panelist support. The study clarified .some of the immediate con- 
cerns related to computing in education as well as exposed future po- 
licy options and issues reflated to a continued inti-oduotion of the tech- 
nology. In addition, it provided a framework for collecting information 
relevant to policy making. 

Methodology 

Yoaliey (1983) characterized policy as **«tlu^ cubninatton of action 
and inaction of the social system in response to demands macje on it*' 
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iM^NpVhJSnv '^^^u^l^'^^l ^^'""^ analysis ^nd .policy studies Nagel 
aM Neetf (1980) emphasise' the importance of the study <>{ altfernltSS 

SS "*^^!?^^'"^^^ «^ alten^tlve'^puwnon. 

^ ^' ^' ,P"*^ reidogniW the importance of studvine 

S^I^^- /'"^""^.Jf^^i^^^^"^' a« contexts for concre-U^ ooK 

SiS' V' 7m tS'iv"* Tt^'^S'^^^ the improvement oi^poiicy- 
maKing (p 70). Stokey and Zeckhauser (1978, p. 22V reonesent iL 
study of altmiathje policies >bs simikr *o L ec;onomic m^SLSn 
there IS a possibibli y frontier and decision makers onust decide amSS 
the alternatives available. On a basic level, they desonLbe "Sa? 
mental choice model" that involves two primary elemSts : ^ 
, 1. Identifying the alternatives o-pen to ttie decision maker ;'and 
2. Determining his preferences among 'fhese alternatives. 

a^tJt'J^^im%-^''^v!'^ .^^""^ these ftnd other 

aspects of the policy hterature that relate to establishinff oolicv altlrl 

^ e7Unoloi^'^ first identifi^ alternative fu^res M to com! 
puter technology and education and then explored policy alternatives 
&unn ^r^7n tTt future Essentially, using definitions pSS by 
win/ f 1' i^^ntifit-'d those future that were plaiisible po- 

^^^J;tnZ^l^, ^^-^^^^^^ ~1, patLns ./o; ^r- 

The Delphi 

viH„^^=^+^^^^n^^«",'^''^.*i''^ procedure which allows a group of indi- 
n /L^^a'^"''''*'!'-^^ ^'^^^"^ complex problems. It is usually futuro 
mon ^- f^^tu^« ot a Policy Delphi, un ike t^ more com: 

rjd^rnnw'- d^'iSn^d to explore poUcy sTu^s 

U^atl^s or round! Th 7."?f"«"\^he study involved three distinct 
iterations or rounds. The first round identified those changes in educa- 

ari^sult STh''*'"I-^'"^?'^r/^ P^^^^^^^ ^^^hin the nelt five years 
as d result of the continued influence of computers The second rmmH 

!3eS%fX°^ the desirability and proLbimy''^%E 'changes 

PoSa?nftt.rn. f ^'w^^^ '^^^ ^^ird rooind explored 

potential patterns for achieving a normative future. , 

nnl,^?^*'''^^^'' the success of Delphi studies is the Delphi panel The 
thP^?r.r.T^ "^"^ ^^""^^'^ a two-step selection%roSure In 

the first step, six prominent educators who represented different or 
ganizations were selected on the basis of their fnvX ncnt m^^^^^ 
Do nhi P«^ti^.ipa«ng in the pilot study and the firTt^und of the 

thp t«.i, f individuals were asked to nominate other participants on 
tainc^ inr° h'^T^If^ criteria. An additional 12 partici,Snts v'^re ob- 
tained for the study on the basis of nomination. ,nis 
nucleus. p^^. -j^^^,^ ^^^^^ p^^^^ consisted of 18 individuals 

with a knowledge of computers and a background in education. Partici- 
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p^Um included Teprescj^^tation from central- office, government de- 
parttwntij, industry, in-^ohool personnel, *nd university. A lOOo/o par- 
ticipation rat^' was maintained throughout the three rounds of the 
study. Cost constraints delimited the study tp the p;-ovin(:e of Alberta. 
However, as at tlie time of the study Alberta was one of the leading 
provinces/states in terms of ; computer-related acquisition and activity 
(Petruk, 1985), the environment provided a very suitable setting in which 
to identify futures oriented policy; issues and concerns. . 

Data Coil sction and Analysis 

Data for the study were collected through a preliminary pilot study 
followed by 'a tliree-rour»d Delphi. Th^se data were collecte^i from 
April 1984 to January 1985^ The instrument used in each round of the 
study was developed on the basis of information collected in the pre- 
vious phase. 

The pilot study consisted of six interviews. These, mterviews were 
designed to explore concerns related to the impact of computers on 
education and help conceptualize the problem to be explored throughout 
the- Delphi technique. Information obtained in the pilot study was used 
to devekxp the Round I instrument. 

The purpose of Round I was to identify those developments withm 
education which were either iprobable or for which there was potential 
as a result of the contin^led introduction of computers to education. Data 
collection in Round I was by way of interview. The interview guide was 
developed from information obtained in the pilot study .as well as the 
literature. The 18 participants were asked to consider educational com- 
puting and then identify the major plausible and potential futures in 
the following distinct areas : acquisition and funding, courseware, curn- 
culum, organization, and teacher training, lii addition to the five areas 
identified, participants were asked to comment on any other areas they 
felt important to the study. Data obtained in the interviews were 
summarized, categorized, and synthesized, in a series of mne steps, ms 
process provided 100 statements about future developments in education 
as a result of the continued introduction of computers. These Statements 
were used in the development of the Round II questionnaire. ^ 

The purpose of Round II was to rate the overall. prol)ability and 
desirability of .statements identified in Round I. Thb questionHo:^^ 
consisted of the 100 statements about the future v.eie grouped 

into the following eight categories l achi-'iV.on and funding, course- 
ware/software, curriculum, teji^'-c. .^raining, organizations, ethical con- 
cerns equity, an^ -tl.cx areas. Participants were asked to /ate the 
nr-^ -luiy and deslraibillty of each of the statements. Each question- 
naire item required two separate responses wherein the respondent 
hod five choices for each response. The choices related to probability 
were - highly probable, probable, uncertain, improbable, and highly 
improbable The choices related to desirability were : highly desirable, 
desirable, uncertain, undesirable, and highly undeairabae. Analysis pro- 
cedures related to Round II included reducing these five choices to three 
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Categories, a positive, iif.<t6rtain, and negative. A frequency count was 
done for each of the items and the dnformtaion cross-tabulated. A 3x3 
matrix was produced for each item on the basis of ratings of proba- 
Wiity' and desirability. Seven categoric were tt^eated from the 
cross^bultition on the basis of (participant rating of probability and 
desirability. These categories were : (a) Agreement on probability/no 
agreement on des^ii^bility ; (b) Agi'eemei)t on desirability/ no agreement 
on probability ; (c) Agreement on probability /no agreement on desir- 
abxjdty ; (|d) Agreement on probability/low desdrability ; (e) Agreement 
r^^dingJow desiraibiiitjj/no agreement on probability ; (/) Agreement 
,'i^rdjng ,low 4esirability/improbalb(iUty ; (g) Scattered items. Four of 
these categories were later, use^ in development ojt the Round HI in- 
strument. 

* The. purpose of Hound III was to identify potential patterns for 
achieving a normative future. A questionnaire was , again used for this 
final, round., It consisted of 24 statements which were selected from 
tlie original 100 statements used, in Round II. These statements were 
selected from categories identMied in Round II. Four categories were 
sel«:ted on_ the >^asis of containing information relevant to the purpose 
of Round IJj;. Each of thi?se foui* categories was represented tn a separate 
section of the questionnaire. Section I included 16 statements which 
had .been regarded as liighly probable as well as highly undesirable. 
Parttioipants were asked to recommend strategies fpr reducing the prob- 
ability of these developments. Section II included four statements which 
had been regarded as highly desirable with little agreement regarding 
probability, Participants were asked to recommend strategies for increas- 
mg the probability of theise developments. Section III included two state- 
ments whj;ch, had been regarded as highly probable with little agreement 
regarding desirability while Section IV included two statements which 
had been regarded as highly undesirable with little agreement regard- 
ing probability. Participants were also asked to make specific comments 
regarding each of the statements, in Sections III and IV. Data collected 
were analyzed through a seven-step procedure which included catego- 
rizing, summarizing, and frequency analysis. In addition, participants 
were asked to consider each of the 24 statements and specify the great- 
est levels of concern from each of the following ; provincial, regional, 
system, school, and university. Frequency analysis was used to f.nalyze 
this data. ^ 

An additional purpose of the study was a further refinem-nt of the 
Dtlpiu +«chnique. Design features of the study attempted ic. address 
problems CK-t.ificxi in earlier studies. Particular attention was devoted 
to addressing tliL problem of maintaining panelist support (Harrington, 
1981, p. 265; Bright, 1978, p. 42; Sellinger, 1984, p. iv). A lOOo/o par- 
ticipation rate was mai.:+ained throughout the .study. Major design 
features of the study whicl: may be attribiited to achieving this 
unusually high participation rai- include the following : conducting an 
interview-based preliminary pilot ctudy, use of an expanding nucleus 
nomination procedure to select partici'^ants, esta.blishing early personal 
contact with participants through ti.e Round I interviews and 



erJc * C7 



67 



COMPUTER TECHIifjQLOGX AND EDUCATION 



m^ntadning th^ contact throughooit: tlw study, poroouripg panelist 
support at th^ conqm^ficeni^nl; of the study,, seleotdve anonymity 
wher^ntpartioi^Dante knew the naipes of other pan^l members while 
InckLvidual r^ponses yenjained aaonympuis, field toting instruments, 
Umite(J us^uof the mail sys?tem, end minimal . turn-iaround time. 

Major "^ihdings of the Study 

' The ^ study identified a 'wide variety of developments which were 
regatded* as both profe'itble and desiritfele. The^e ^ developnients were 
deaoribeid as being either a reacticfn to t6chnolo^cal change oi* part of 
a coritinued techhologioat experiment wherein much of the pr^idkit com- 
puter-related activity could be justified on the basis of exploiting a 
future p>ot€ntial; Developments which Were identified as profoable and 
undesirable indlutled : underutilization of equipment, problems related 
to the allocation of equipment, lack of appropriate courseware/softwaTe, 
piracy, confidentiality of files ^nd information, equity, funding, resis- 
tanbe to change^ software! and hardware inertia restricting upward 
capability of hardwdjre, migiration of human resouroe^, and increased 
and oonfflifcting' demands on ediicational. organizations. Developments 
identified as desirable With little agi^ment regarding probabil^^^ in- 
cluded : de^^elopment of a lop al software industry tailored to provincial 
curriculum, a strong emphasis on computer-related in-service,' an 
awareness of the social impact of 9omputers, and increased parent in- 
volvement in school matters. Maj6r potential patterns for achieving a 
normativ^'^fojiture included : increased courseware/software dev^elopment 
end evaloxation, inci^sed levels of funding, inservice/a Tecoghition of 
the need for policies related to educational computing, ourricular de- 
velopment, preservice, planning, security procedures, and communication 
among organizations and stakeholders. 

Overall, the Pelphi provided useful information for futures oriented 
planning and policy making. The findings tended to support the view 
that realizing th^e edoicational potential of computer technology will 
continue to require a great deal of contintied activity related to policy 
making. This activity, while not necessarily uniform, needs to occuv 
at a variety of making levels, The following conclusions and implica- 
tions are presented as considerations for educational policy makers. . 

Conclusioj:!^ and Implications 

Nine major conclusions regarding developments in computt^r tech- 
nology and education are presented below. As Rounds II and III of the 
study were used to refine information collected in the pilot study and 
Round I, the conclusions lare based primarily on data collected in 
Rounds II and ill. These conclusions - begin with the general and move 
to the more specific. Following eacli conclasion is a brief discussion of 
implications. An attempt is also made to incorporate aisipects of the liter- 
ature in the discussion of implications. i 
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L Computer technology, like other technological development^ has 
poteM to have positive, negal^e, or neutral effects oti the educational 
erAerprtse. The mime of these effects will largely be determined by 
he actum of educational poUcy mikers: Policy making relevant U> 
computer techmilogy would be vastly improved if we placed mo/v 
emphagis on determining mr educaUoml preferences and ' priorities 

' In addition to identifying benefits, the study identified a minnber'of 
jwtential negative outcomes related to the impact of computer techno- 
logy on education. This finding suggests that viewing computers as a 
panacea for all that ails education has the potential to do much harm 
5i- J^^^' ^^^'^y makers 'is to aslc questions related to the 
ne«fative eiffects. of computer technology. More importantly, meaningful 
ccmpoiter-related changes must be founded on substantial values if they 
ar3 to be of lasting worth to education. In this context, computers may 
be viewr>d primarily as a catalyst, and the major question is not what 
edS^tioTv ^°"^P"^^s but rather : What should we be doing in 

^ 2. There will be a continued commitment to computer technologv. 
2 his commitment wdl be reflected in a continuation of computer-related 
'^tivUtes at all grade levels. Much of this acUvity will be justified on 
J^^l^.f.''^.? ^^""^'t !^^h^^^9ical expenment. Policy makers will 
cmtmue to usmme thut computers will im^ove educational practice. 

e^^oaS~^,r" ''''''^ ^^^^^"^ 

A continued commitment to computer technology will consume a 
ZT, TTSr^ '^"^ financial resources. Despite this commlt- 

mtht, the findings of this study and the literature (Bbrk, 1984 p 242' 
Shavelson et al., 19H p: 30; Sheingold, Kane, & Endrewoit, 1M3, p 
431) express a concern that computer technology is having ix limited 
Sh °" t^^e mstriictional process. Clearly, a major challenge lies in 
furthei ex]ilo ting the potential of computers in education. Exploiting 
this potential will involve further experimentation, but much of this 
expt^imentation vviil be of little worth unless there is a mechanism 
lor Identifying communicating, and implementing those activities wliich 
are truly beneficial to education. Also, while experimentation is nece.s- 
* 'nevitabk^ that attempts will be made to use computers for 

activities for which they are inappropriate. In the process of experl- 
S!;; n"Qfl9x'''«;'"' cKlucators must ask is one posed by 

iu ian (1982) "Qm rojotting a protposod educational program be more 
pr<v'ress,ve than accepting it?" (p. iv). Given the massive amcxint of 
VI .^''^'^'^ a<;voted to computer technology, this question should also be 
askrd on a broftder, macro level. If future computers are truly capable 
wril' t^,^ey Pi'o^i^^' in terms of ease of human interface, 

t?2..^1nf t^'ti,^^!''"^'^ ^^^4' ^' 36) suggests, nearly 

J;^ncK I' iw*^'^ computers do indeed bet-ome so 

mtnS^ "^'"^ ''^'y knowledge to actually use them, 

many of the r«.-ources presently being devoted to computer technology 

n^f.r i"f':!''^.7:.J^''''^ ^ pcxssibility that many pVesent-day (■om- 
put-er-reJated activities might soon be described as paralleling the Sputnik 
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phenomenon where there was a race to train individuals, in areas for 
wliich society later had very little demand. 

3 Techmlogicdl change is inevitable. A commitnient to technology 
in educatUm is a commitment to ongoing change. Change ivill occur as 
an ongoing continuous process. Rapid technohgical developments xoill 
juHher o<mipound problems related to change in education. All edu- 
cational organizations win experience ichanges precipitated by computer 

technology. ; i • *u 

While meaningful computer-related change is possible, realizing tho 
potential of computers largely depends on developing appropriate stra- 
tegies for dealing with change. «One-shoc" acquisition of equipment or 
'♦one-shot" inservice will riot suffice. The rapidly changing technology 
requires strategies that are ongoing, especially in . areas related to ac- 
quisition, curriculum, and teacher training. In this regard Ful an s 
(1985, p. 392) notion that change is a process is reinforced by Uhlig 
(1983) in the area of technology : "Technological literacy, unlike some 
other kinds of literacies, is not an event; it is a continuous process^^ 
(p 2). Key issues for policy r-.akeps to address in relation to the race 
with technology is whether ve are playing "keep up", "catch up', or if 
we sh<mld even be in the ' race". Developing strategies to deal with 
the rapid process of change presents a mammoth challenge. It is likely 
that the technological capability ito produce new and innovative computer 
devices will continue to be far ahead of our ability to use them in 
education. Somewhat illustrative of this problem are the many confer- 
ences related to computers in education which often more closely 
resemble an industry "show and tell" more so than they represent any 
meaningfua dialogue related to pedagogy. Mumford and Sackman (1975) 
suggest ; '^Society should deliberately lead and direct the application of 
computers jn the image of its most cherished values and ideals rather 
than be the unwitting victims of the vagaries of technology and the 
fluctuations of the marketrplace" (p. v). What is required from ix.licy 
makei-s is a focus upon developing a clearer philosophy of technology. 

Resistance ^o change is often cited as a major problem facing the 
implementation of computer techt^ology. Ironically, the technology itsolf 
will foster its own resistance to change as it creates problems related 
to the «saber-tooth" curriculum (Peddiwell, 1939). For exampie. sunk 
costs in software, hardware, or training may mean that educational ^r- 
conizations as well as individuals hove a vested interest in maintaining 
certain learning environments. Given that much of the recently acquired 
equipment is of an older generation, policy makei^ should address the 
following questions : Has much of the i-ecent activity, aimed priniarily at 
acquiring large numbers of computers, been inappropriate ? Have we 
already installed a base which wUl be resistant to further technolofical 
change? Has there been an error in identifying the problem relatcM to 
computtn-8 in education as being primarily one of acquisition ? 

4. Computer, technology will irrovidc the impetus to ask basic peaa- 
goqical questions related to curriculum and teacher training. There will 
be continued experimentation related to the wrgaiiization and dissemi- 
nai,im of knowledge. 

V>. 
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This conclusion suggests that computer technology will provide a 
pO'werful Impetus to ask questions fundamental to curriculum, including 
•a reoonceptualization of both knowledge and the delivery of instruction. 
Such a reconceptualization will also involve a change in the role of 
the teacher aA?d will be reflected in teacher training programs. These 
developments hwe the potential to profoundly affect education in the 
long term. 

5. Most changes related to computer technology will be external to 
the learning process. While there vAll widesprend experimentation, basic 
curriculum content will remain unchanged. Areas such as business edu-- 
cation and computing science will continue to assimilate the technology. 

There are two major implications, representing opposite scenarios, 
related to this conclusion. The first is that meaningful change takes 
pla^ over time and the next five years will continue to be an assimila- 
tion period whereby technology follows the path of least i*esistance 
while at the same time improving existing technologies and practices. 
These activities Will continue to bo viewed as providing a foundation 
for r^iolizing a moich greater potential some* time in the distant future. 
Such an interpretation justifies much of the current computer ^ 
related activity on the basis of a general technological experiment. The 
second iftiplication of this don^olusiion is that oj^ganiza*'ions may be 
avoiding meaningful changes through the assimilatiorl of technology 
(Sheingold, Kane, & Eridreweit) 1983, p. 431). If the technblogy is being 
assimilated and little^ meaningful chanige is actually occurring, a 
tremendous amount of ressources e:^e currently being wasted. 

Somewhat related to this conclusion is the ongoing imiplication of 
attempting to cope with the myth and the reality of computer techno- 
logy. First, expectations often far exceed the reality of what the tech- 
nology can deliver. Second, without adequate consideration for the 
realities of the change process, there is no guarantee that the pedago- 
gical applications, which arc possible in theory, will automa^iicylly find 
theli- way to educational practice. Decisions that continue t) be based 
on the myth will inevitably lead to disillusionment. 

6. Developments related to computer technology tvill place increased 
demapds on teachers. These demands will he reflected in ina'eased pre- 
serince and inservice activity. The tacher^s.role will gradually 'begin to 
change jrom a dis^serninatoi' of knowledge to a facilitator of learning, 

Ch(|irters and Pellogrin (1972) cite as. one of tho major problems 
related to educational change: "The f;'"'''\re to recognize the severity 
of role overload among mombors of the instructional stai'f when in- 
novation is attempted*' (p. 12). The findings of the study identified 
computer technology as contributing to role o\'orload among teachers. 
Policy makers need first to r^K^ognize that this oVrTload exist and 
then incorporate strategies to deal with it when developing policies re- 
lated to computer technology and education. 

7. All educati(mal organizations loill be reqiiired to make deciffions 
and establish p<jlloies related to- comimter technology, Many of these 
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deciMpns will be made at the school^ syst^my and provincial levels. 
WhUe tliere is a need for policy at all levels, decisions made at the 
school level will have the most ^^gnijicant impact regarding the effec- 
tive utilization of computer technology. Policies wiU he established both 
throtigh ciction and inaction inasmuch as organizations that do not res- 
pond to the changing technological environinent will be establishing 
policies through their omission. 

It is of critical iynportance that policy maimers recognize the impor- 
tance of the institutional setting of the school with regard to the use of 
computers. The findings of the study and the literature or change sug- 
gest that successful adaptation of an innovation lai'gely depends on 
activities at the school level. Berrnaa (1980) provides additional insight 
related to the implications of this conclusion for policy development: 
"once policy makers dispense with the image that, implementation must 
be uniform for all policy situations, invariable over time, and homogo- 
nepus across organizational levels, thay cs^n search for matching, mixing, 
and switching strategies ,^0 improve policy performanceV. . (p. 222). 

S. Continued efforts at realizing the potential of computers will 
create a number of issties and problems for policy makers. The study 
identified the follou)ing major probleims as requiring consideratim : (a) 
underutilization of laquipment, (h) ailocatinn of equipment, (e) lack of 
approprinte courseware /software, (d) piracy, (e) confidentiality of files 
and information, (f) equity, (gf funding, (h) resisUince to change, (i) soft- 
ware and hardware inertia restricting upwards capability of hardware, 
(j) migration of human resources, (k) imreased and conflicting demands 
on edticational m^ganizations, . . 

E^ich of the pax)blemi8 is discussed separately beJow. 
Underutilization of Equipment 

A general public support for computers, compounded with genor- 
ous funding allocations, has resulted in the recent acquisition of a 
great deal of computing equipniicnt. Much of this newly acquired equip- 
m«it will be underutilized. This up^derutilization may occur at two 
levels. First, machhies that have oeen" acquired to teko' advantage of 
existing grants may see limited physical use. Second, because ma- 
chines "Sce maxirtium physical uSe does not mean that they arc being prop- 
erly utilized. For example, there has been concern over the misuse of 
games and drills and pi-actice activities (Shavelson ct al., 1984, p. 31 ; 
Sheingold, Kane, & Endrewelt, 1983, p. 427). Ciiven the kr^ge amount 
of resources being devoted to compute^^s in education there may occur 
a negative backlash of support for computen should the perception in- 
crease that computers arc not being properly utiliyxd and 'that some 
of the resourcx>s could \x' better devoted to other acti^v^ties. Largi^-scale 
tKjquisition and wide&prt^ad physic^al use of the machines does not 
guarantee that the potential of computers in education will be reaollzed. 
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Allocation of Equipment ,j . 

^ Computers are being ^icquired at a rapid rate. They -are presently 
housed in a variety of oonfigumtions and used at aJl grade levels A 
major issue is how to allocate, equipment in order to maximize benefits 
from iAs use. As Peterson <1984) observes, equal distribution is fair and 
siimple , howev^M- it often does not provide the ci^tDcal mass necessai-y 
for Ideas and creativity to take off" (pp. 11-12). Configurations such 
as labs may provide a sense of fairness as well as the necessaa-y critical 
mass ; however, they have the disadvantage of portraying con^puiei^ us 
something separate and apart from the curriculum. While incrmsed 
acquisition will undoubtedly alleviate some of the problems related to 
access it will also create new ones. For example, as newer generation 
equipment iB acquired who will get access to it? Administrators? In- 
novative ttnichers ? Designate grade levels or subject levels ? Will older 
generaUon or unc eruUlized equipment be passed on to less than enthu- 
siastic recipients or merely plaped in storerooms? Policies regarding 
equipment allocation as weJl ae migration will have to be, established. 

Lack of Appropriate Courseware/Software . i 

^ Both the findings of this study and much of the literature (Alberta 
Education, ■ 1983, pp. 57—58 ; Bork, 1984, p. 240 ; Komoski, 1984, 
p. 247 ; Rockman, White, & Rampey, 1983, p. 42; Sheingold, Kane, 
& Endreweit, 1983, p. 429) strongly suggest that lack of appropriate 
counseware'sflftwattie is a marjor area of concern. This problem has been 
magrtified by policies allowing the large-scale acquisition of compu- 
ters. Large-scale acquisition, Without adequate consideration for appli- 
oaitions, often results in the use of inappropriate softwai"e programs 
simply because they are readily available. The problem of selecting 
appropriate courseware/software is further compounded by the extreme- 
ly high ratio of poor quality programs being marketed for use in 
education. 
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Lack of appropriate coureewore, software, high costs, inadequate 
funding, the nwd for multiple copies of a program, and inadequate 
copyright laws will tdl contribute to problems related to piracy. This 
problem will further reduce the development of quality coursewatv 
softwai-e when devetopors do not rec(>ive fair ' coirnpemation for their 
efforts. A further problem, in major conflict with a fundamental goal 
of the educational enterprise, is that students who witness acts of piracy 
are being encouraged, through example, to ^xutidpatc in activilc^i that 
are dishonest and illegal. 
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Confidentiality of Files and Information ' 

The increased alliance on computer, especially in tasks related to 
administmtion, will a«a|te problemB rela-ted to confidentiality of m- 
forrmtion. These problems will be further compounded by the ^"cteased 
use of computing networks. Two major areas that will have to be dealt 
with are those related to unauthorized access and (the establishment 
of policies irela/ted to access. 

Equity 

Computer technology has the potential to remove some of tlie prob- 
le^as related to equity. For example, improvements in networking and 
storage capabilities will allow smaller schools to increase itheir level of 
service. However, there are also problems associated with the equity 
•issue. Two inajoi' dimensions of the ibsue axe acttual physical access to 
computers, and aipplioations to which students are exposed. Not all 
school districts are adopting computers at a similar rate ; consequently, 
this will lead to problems for students who do not have a background 
in computing, particularly , those , who enter postsecondary institutions. 
Should problems related to equality of access be o^?ercome, it will not 
iiecofiseri]^ load to equality of oppor|tunity. Decisions related to the 
allocation and configuration of oquipment, '^as well as how computers 
are used for instruction, will vary within districts, schools, and class- 
rooms. There is also concern that individuals from higher social class and 
boys are recoiying itjie most benefit from computer insltruction. If com- 
puters really do make a, difference in education, then policies that fur- 
ther address the problem of equity are required. 

Funding 

A substantial amount of funds have alfeady been allocated to edu- 
cational computing, i\ large portion' of which has been designated for 
the acquisition of equipment. A aimmijtment to technology requii-es a 
further silgnificiint ongoing commitmient of funds in areas such as the 
acquisition of new equipment, courseware/software development and 
acquisition, curriculum, and. teacher training. Rel'ited to this isSue is 
the problem of obtaining significant levels of funding accompanied with 
questions related to whether it is worth allocating funds for compu- 
ting that might Ix* better directed to other areas. Theoretical specula- 
tion 'about the pedagogical i^roniise of this tct h lology is widespread. 
However there is compiyatiyely little literature whigh addresses ; the 
financial cost of realizing this pix)mise. 

ftesistance to Change 

Computer technology, like other innovations, will meet resistance 
to change. Fullan (19»r)) describes attempts at ini|tiating change aa 'a 
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complex dilemmanrkjden, technical, sociopoHiioal process" (p. 391). 
There, is the f onstarnt problem of tecjinology having limited impact on 
schools^ or *tti SheingokJ, Kane, ®nd Endreweit (1983) concluded in 
their study, "The study more,, strikingly illustrates the assimilation of 
technology by school systems tlian .the impact of technology on them" 
(p. 431). PolicymakeiB must be prepared to deal with tlie complexities 
of initiating change. Fundamental to the development of policy (EJerman 
& McLaughlin, 1976) is that it be "concerned with more than the 
mere adoption of change agent projects", and take into account '^the 
criticfil significance of the institutional setting" (p. 347), 

Software and Hardware Inertia Restrioting 
Upward Capability of Hardware 

Continued new developments in iechnolocy will make further 
change inevitable. Sunk costs in aripas such as hardware, courseware/ 
software, and training may act to reduce aai organization's capacity to 
further adapt to change. For example, an organization With a large in- 
vestment in existing hardware and software may tesist opportunities to 
adapt to new generation equipment which requires a significant de- 
parture from What already exists. Papert (1979) describes an additional 
dimension of this problem when he portrays existing computer-related 
practices as sharing "a model of education which leads them to rein- 
force traditional educational structures and thus play a reactionary 
role, opposing the emergence of radically new forms of education" (p. 
74). PoUfcies are required" which reflect the long term nature of com- 
puter-related change. 

Migration of Human Resources 

Many talented, knowledgeable people in the area of computing will 
leave education. Some of these individuals will pursue careers in 
business and industry while othci-s will sim.ply burn out. Many other 
successful computing teachers will also migrate to administrative 
positions. Policies arc required that address the problem of retaining 
those individuals who can make a positive contribution to education. 
These policies would ' also addres.s the problem of role overload and 
burn out. • ,. 

Increased and Conflicting Demands on Educationa! Organi/ations 

Computers have simultaneously been presented as a panacea for all 
tlirtt ails education and as having limittxi significant impact. Kohl 
(Kbisch, 1984) describes them as having the potential to reinforce the 
"vvoi-st practices of schools" or become a "tool to extend the capacities 
of one's mind" (p. 38). They have also h>een presented as having little 
impact on the instructional process (Bork, lj)84, p. 242 ; Shavelson et al.. 
1984, p. 30 ; Sheingold, Kane & Endreweit, 1983, p. 431) yet potentially 
fostering revolutionafy changes in eurncuium (Honchey, 1982, p. 13; 
Papert, 1980, p. 140) and teacher training (Alberta Education, 198^3, p. 30 ; 
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FnlMman, 19(13, p. 16). Weisienbaivm (Bbisch, 1984) presents computers 
as powerful distraction that will leave the oriiginal problems — money, 
teach^rs^ time, and energy- — untouched" (p. 36). Conflicting viewpoint , 
such as these will increasingly be reflected through demands placed on 
educational organizations. This problem will be compounded by rapyid 
changes in the actual technoloigy. Policy makers will have to continue 
to address the role of computers in education. ' ' ' 

r; 9. Major potential patterns or strategies for policy makers to coii-^ 
siier wheji dealing with the impact of computer technology incl'ude the 
following: increased saftioarefcourseware development and evaluation, 
increased leveh of funding, insei'vice, a recognition of the need for 
policies related to educationdhlc&mputin^, curricnila^ pre- 
service, planning, security procedures, and communication among orga- 
nizatioius and stakeholders. 

Aiuch of the recent activity relatcxl to educationtil computing has 
been directed at acquisition. However, as this technology continues to 
place increased, ^ cor^flicting demands on educational organizations^ 
policy makers, must ro<:;p'ghize the need, for further policy development. 
Enhanced Qommuni<;ation and dialogue for the purppse of establishing 
policies reieyant to technology, will become increasin- ' 7 necessary. Rapid 
change/ precipitated largely by technology, mr u^s the development 
of ongoing strategies an e&sential activity of educational organization. 
Realizing the educational potential of computers, in uddition to re^ 
quiring- strategies that laddrcss tpchuical issues^ requires strategies that 

address people-oriented issues* Developing these strategies will; require 
a huge amount of resources. - 

Contribution to the Study . i 

Decision makers have always required information relevant to 
policy making. An important aspect of policy making is the establish- 
ment of alternative futures to serve as contexts for policy making. The 
rapidly changing technological environment, precipitated largely by the 
advent of the computer, has accelerated the need for information rele- 
vant to policy making. The study provided information relevant to edu- 
cational policy making by clarifying seme of ine immediate concerns 
related to computer^ in education as well as exposing future n^'* y 1- 
tions and issues related to a continued introduction of the a' v. u ^y. 
It also illustrated that computer technology is not a panacea for all that 
ails education and Is moro appropriately viewed as a catalyst for basic 
pliilosophical questions related to the general role of technogoly, change, 
curriculum, and teacher training. Finally, it emphasized that we have 
to have a clear vision 0|f our iHlucatiunal priorities before we can begin 
to seriously address questions related to what to do with computer 
technology. ' ^ 



70 



L. p, STEJPER 

RBFESENCES 

Al'berta Education. (1&83). Computers in schools: The report of the Minister's 

task force on computers in schools. Etlmonton, AB : Author. \ 
Barrington, G. (19»1). The impact of environmenttal forces on Albertn community 

colleges, im-im. Unpublished doctoral dissertation, Unlvereity of Alberta 
Becker, H. J. (1084). Oomputers in schools today : Some basic considerations Ame- 

flcah Jotirtwl Of £duc<rt<wi, S3, 22— 39. ( 
Herman, P. (l^aC). Hhinkin^f about planned and adaptive implomentation : Matching 

strategels to sitaation*. In H. E.= Ingram and D. E. Mann (Eds.), Why voUcies 

ftucceed or /afl. Beverly Hills, OA : Sagp. 
Berman P., & McLaughlin. M. W. (1076). Invplcmentation of educational innovation. 

The Edtkcatloml Forum, XL(3), 345— 370. 
Bork, A. (1984). Computers in education today-and some possible fu'.ures Phi 

Oelta Kappan, 6'6'(4), 239—243. 
Bright, 'J. R. (1978). Practical technology forecasting : Concepts and exercicer 

Austin* TX : Tcchnologj Futurra. 
Charters, W. W., & Pellegrirt, R. (1972). Barriers to th^ ihnovation process • Four 

case studies of diffoi-enitiated staffing. Educational Administraticn Quarterly. 
'14, 

Di-or, Y. (1971). Design for policy sciences. New tork : American Elsevier 

Dunn, W. H; (1961). PuWic policy analysis: An introduction. Englewooii Cliffs 
N. J. : Prentice Hall. ' 

Bbisoh B. (1984). Trying to predict the future. Populai' Computing: Guide to Com^ 
pu,ers in Education (Special Issue), 30 — 44. 

FrlediTian, D. (1903). The impact of educational computing on teacher educat on 
Jourml of Teacher Education, 34(5), 14—18. ' ' 

Fullan, M. (1982). The meaning of educational change. Toronto : OISE Press 

FuUan M; (1985). change ptwresses and strategies at the' local level. T/ie Elevwn... 
iary School Journal, 85(3), 391—421. 

Henchey, N. (1982). Bits, chips, bugs, and people: Sunllval ..fc'Zi.. for the com- 
mumocUion revolution. Paper delivered at the Educational Futures Con- 
ference, Fvdmonton. 

Komoski, K. P. (1984). Educational computing: The burden of insuring quality. 
Phi Delta Kappan, 66{4). 244—248. 

Ivepper, M. R. (1985). Microcomputers in education, American Psychologi.-it, 40, 1—13. 

Masuda, Y. (1980). The information .society as- po.'it-induslrial .society. Toltyo : Insti- 
tute foi- the Information Socie(ty. 

Morgan, .1, M. (1984), The Ohio .survey on .ichool district uses of educational techno- 
logy. Pap<M' presented at the American Educational Research Association An- 
nual Meeting, New Orleans. 

Mumford, S., & Sackman, H. (1975). Human choice and computers. New York : 
American Elsevier, 

Nagel, S. S., & Nwf, M. (198C). What's now about policy n-scareh ? In S, S, Nii«el 

{M.) Improving policy analyst.';. Beverly Hills, CA ; Sage, 
Papert, S (1079). Computers and learning. In M. L. Dcrtouzos & J. Moses (Eds.), 

The computer age. Cambridge, MA : MIT. 
Papert, S. (1980), Mindstorms. New York ; Basic Boolts. 



ERIC ( ( 



77 



fir . 



COMPUTER TECHNOJ;X)GY AMD EDUCATION 

Peddiwell, J. A. <1&39), The ^beMooth currtculurri. New York : McGraWniHdH. 

PetefTSon, D. (1^). Nine issues. Popular Computing; Guide to Computers in Edu- 
cation iSpecial isme], 10— 1& 

Petruk, i/L. (1^5). Microoompiiter^ surv0y~19^5, A report prepared for Alberta Edu- 
cation, ]^monton. ^ 

Quade, E. S, (1975). Analysis for public decisions. New York : American Elsevier. 

Ftockman, S., White, D. J, D., & Ratnpy, L. (D983, November). Computers in the 
schools : The need policy and action, ikiucatiQnal Technology, 13—18. 

Sellinger, G. P. (WW), The projected impact of environmental forces on progvams^ 
of study in selected departments, in the science and educational faculties at 
the Universities of Alberta and Calgar^y ; iOSS-^jm. ; Unpublished doctoral 
dissei^tipn, University of Alberta, 

Shavelson, J., & Salomon. G. (19e5» May). Information technology : Tool and 
teacher of the mind. Educational Resei^^rcher, , 

Shavelson/R, J., Winkler, J. D.» Stasz. C, Fe^bel, W,, Robyn, A. E., & Shaiha, S. 
(19iB4). Teachijii) mathemati^ and science; Patterns of microcomputer use; 
Rrepared for the National InstiUite of Education. Santa Monica, CA: Rand. 

Sheingold, K., Kane, J. H., & Endrewdt, E. (1983). Mioroomputer use in schools : 
l>eivelopin;g a re^aroh agenda Harvard Educational Review, 53(4), 412^—432. 

Stokey, E., & Zeckhauser, R. (1978). A primer for policy analysis. New York ; 
Norton. 

Uhlig, G. (1963). Dimensions oi technology literacy in teacher ^ucation. Journal 

of Teacher Education, XXXIV(b), 2—5. 
Weiner, A. (14^84. December), Chip off the old block. Financial Post Magazine^ 

36—41. 

Weizenbaum, J. (1979). Once xijiore : The coi^puter revolution. In M. L. Dertouzos & 
J. Moses (Eds.). The Computer Age. Cambridge, MA : MIT. ^ 

Yeakey, C. C. (1983), KmcrMing .policy research in educational research and de- 
cision making. Review of Research in Education. Washington, DC : Ame- 
rican Educational Reseai^h Association. 



ERIC 



NEW INFQBMATION TECHNOIjQGIES ; 

THE ROLE OF ARTIFICIAL INTELLIGENCE * 

I , . ■ • ■ . 

Gei-mogm S. POSPELOV 
Soviet Academy of Sciences, USSR 

.Until . very recently, research in the field of artificial intelligence 
(AI) was considered a purely theoretical undertaking. Nowadays the 
results of this research aa:^ aipplied on a large scale in the most practical 
aspects of ^computer science. Academician G. S. Po«.pelov, President of 
the National Council for Artificial Intelligence of the USSR, claims that 
sc^ientif ic research institutes need no longer concern themselves with 
tho design and the elaboration of various products. Their task now is 
to enrich existing Imowledge bases with new elements : theories, 
methods of comiputing, etc., by means of powerful computers linked to 
neiworks, Data base management systems (DBMS) Jbre able to admin- 
istrate U the data obtained not only frotm related fields, buti also from 
very diverse doxnains of science and technology, providing all the neces- 
sary information to the workers in the technical offices, thus enaibling 
them to create a really new and modern establishment, making use of thc^ 
entire economic-technical potcnitiaL In other words, we are confronted 
with a real revolution in this boundless field, namely one of the design 
of new technologies. 

Qiw'ition: During the last few years, Znanie-sila magazine has 
published several articles on cx)m.puters of the so called ^secx>nd liter- 
acy*' era. These articles have dealt mosltly with personal computers, 
programminig^ the computer as5:iatad solution of various scientific and 
technical piH>blemSv et)c. At the same time^ the magazine has always 
focused its attention on research in artificial intelligence bccauf:;e this 
field can be expected to provide solutions to the many problems with 
which computer science is confrontecl Do you sliare this opinion? 

Answer: Unconditionally and entirely- Only lindted and badly-in- 
lormtrd i.x?ople regard research in artificial intelligeace as the "Cinder- 
ella*' of cybernetics. Ait present, wen the fiercest enemies of our 
would -Ix? ^'purely thei;reticar' studies liave begun to undei*stand that 
research in artificial intelligence represtmts a practical and extremely 
useful direction in our science, Itt; task is to find a way of making 
computer science lesii complicated. ^ 



♦ bource : Zmme-f>ti(x (Knowledge is Powsr), l\fbvum:y, l^M. 
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Today the computer can contribute to any activity. It can be put 
into contact with the average man having a basic notion of computer 
science, even if he is an amateur in computer technology In other 
words, -n spite of their compactness, the new machines must necessar- 
ily have an increased storage capacity and other technical imprave- 
merits, m addition to great work speed. They must also be endowed 
with a certain amount of intelligence, which means in this particular 
case, that they have the capacity of understanding and of being under- 
stood. It IS this capacity which makes" the ?th' generMion computers 
superior to present-day oonnijpiiteijs, iv>t any other technological improve- 
ment. Ihe inspiration of the 5th generation computers first sprung 
up m Japan and then spread throughout the world, including the USSR 
1 4.- ,r ^^"^"^ ^ ^ 6^^^* mistake to consider the "computer revo- 
oh.«l« .r^J^^i"^'"'', momentary event. Important and radical 
cnanges m the fields of science and technology have accumulated grad- 
ually, sometimes imperceptiv;ely and unnoticed by society. A negative 
aspwt of these changes has been the existence of intermediaries between 
th« computers a^id the specialists — tasks which are taken over by 
f^^J?"^^""^', i""^'" occupation has been the translation of initial 
nformation, formoilatcd in the sipecialized language used by the client 
(usually kn^wn as the final user) first imto a mathematical languajfe and 
then into a language . understood by the computer. As a rule, 7prog- 
hT!^^ J^*',''' ^^""^ specialists (with fulUime work-quotas) stands 
between the final user and the computer. One of the specialists, usually 
the one known as an analyst, formalizes the . problem given by the final 
user and provides a rough description . of its program leading to its 
solution m the form of a "scheme-^block". The second specialist, the appli- 
cation programmer, transfers this "scheme-^block" into a program written 
m one of the languages (codes) of the res^Mictive computer. He next 
revises the program, correcting the errors. In some large computing 
centres, the application programmer does not use the computer, but 
transmits the program to the operator, who is the only one who worlds 
with the computer. 

Along with increases in the number of computers and of special- 
ists that operate them, the number of progrannmers has also grown 
rapidly (at present there are over a million fxjople thi^ughout the world 
who are operating the «insati able" computers). If the present technolo^N 
0. problem solving on computers continues, the entire adult population 

n •nit^ni''? ^^'^ ^^^y ^"ture, will be drawn into 

piogramming activities. In other words, the d-c-velopment of automatic 
methods of information processing iias reached a deadlock 

Q^^ftton : Is this situation the same as that of the "young ladies 
ot the telephone exchange", one well known other fields of technol- 
ogy .Mt was once believed that, because of increases in the number of 

^wT£hT JT' f li'^r ^^'"^ "^"'^^ ^""'^ ^^^''-^ «it and operate 

bwik-hes And yet that rwrticular problem was solved by the Invention 
of the automatic telephone exchange. The logic of scientific devolopm<mt 
sliows us that something similar is bound to happen in our relationship 
with the world of computers. ^ 
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Answer : Both ''ye^'' and "no", even though the answer is more 
likely to be "yes'\ Let me explain. The causes of the present crisis in 
the domain of infornrwition processing are moich more deeply rooted 
than those which had such a strong impact on people's minds when the 
telephone exchanges were set up at ih^ beginning of our century. It is 
not only a matter of an oldr-fashionod way of preparing problems to be 
solved by the computer. Tl^ere is indeed some hope, in this field, of 
creating equipment analo^us to the automatic telephone exchange, 
albeit much more complex. The essence of the present situation in all 
the de^^eloped countries is the fact that a perceptible lack of balance 
has appeared between the automation of production and the automation 
of the manageme .t of this very production. Consequently, for the last 
century the share of the manpower involved in the informational field 
— science, education, management, and planning — has been constantly 
increasing, while its share in production has accordingly decreased. 
In the U.S. A,, almost half of the total number of employees are linked 
to the information field. A hundred years ago, this proportion was only 
5 per cent. A similar situation can be observed in Finland, a country 
very different from the U.S.A., in which in the last thirty years the 
share of the workers has remained practically unchanged, while the 
proportion of office workers has increased more than two-and~a-half 
times. The cause is the same everywhore : the automation of production 
takes place in a most systematic way, while its management does not. 
Also in the U.S.A., investments for the equipment used by workers 
exceed by 10 times the investments made for the equipment of office 
workers. The result has been that at a time when the productivity of 
Workers in the highly automated fields grew by 83 per cent, the pro- 
diUctiviity of o^ice workers grew by only four per cent. This tendency 
which is manifesting itself more and more is the reason why the prob- 
lem' of the information fields is becoming more fltnd more acute. Achieve- 
ments in rdbotics and in microelectronics (the LSI and th6 VLSI 
micropiwessors) have paved the way for highly automatic and flexible 
production. Given these circumstances, the speed of processed materials 
should increase, and so should the main indicator of technical and scien- 
tific development, the rhytlims at the renewal and the enrifchment -of 
the lists of goods and .services offered. And yet the future possibilities 
of robot-pIann^Kl production are limited by the information field itself. 
Two delay-causing factor; are manifest ; the methods of projection and 
elaboration of the new technologies and of ^ the complex technical 
systems (with their large numbei^ of outlines) and the unsolved prob- 
lems of planning and management of the inoi-easingly accelerated 
prodfuction processes, at a time -when the relationships among the 
various branches aie considerably interlinked. . 

Some time ago, academician V. M. Gluskov wrot^^ that in the 
histoid of the development of the mafnagement of the economy, mankind 
Was confronted with two informational barriers. The irst appeared in 
the period of transition from iseparate trades to vas industrial pro- 
duction and was done away wit*i by th<? division of management and 
planning among a. I'Tge number of persons.. The second barrier came 

e— New information ^1 
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after the tethnical-scientific revolution, when the numfber of new and 
yfery new materials, goods, services, and technological processes increased 
tremendously. The one Way * to remove this barrier or, as it is also 
called -—' the ^nformattohal crisis — is to use computer technology on 
a large scale in planning and management, in research, and in other 
activities/ iiV other words, to equip all final users with com^u^ers of 
various types, " contlected to appropriate rietworks. But in order to 
achieve this^ goal, the entire problem of o6mmunication by means of 
computers — thait is, all the people who are not trained as pro- 
grammers — should be solved. In so doing, we cannot be satistfied with 
even the most ingenious research; a new informational technology is 
needed. Its advent is like a historical law. 

Question : In one of your lectures, you argued that the new infor- 
mation technologies save paper. But of courfie, the importance of these 
techhologies does' not limit itself to economies in the consumption of 
paper. Could you tell us what the essence of this problem really is ? 

Answer : Let me begin by talking abput paper, which among other 
things, is needed by scientists because they too, write books, mono- 
graphs, ajid articles. ^According to ^rurrentt conceptions, the information 
field is expected, in principle, to work without paper. All the infor- 
mation is to be kept in the electronic memories of computers and 
■transmitted -through caibles or via radio and bt edited on display screens. 
Only in certain special situations will the required information be 
printed by special termirial computer equipment in the required number 
of copies. Thus a huge quantity of pap^r will be saved. At present, we 
are using paper with very low efficiency in really tremendous qoianti- 
ties ; for example, in. the American business field almost 100 billion 
dollars are spent for paper ^very year. 

, However, the rerplacenxent of paper for the recording of information 
is * not so simple. ' One of the paradoxes of the unsystematic use of 
computer technology is a very great consumption of extra paper, much 
of it of particularly higb. quality* . 

Data bases provided with systems*' of ' knowledge representation, 
aided by user-friendly >computers connected to a local nelwork already 
permit a great reduction in the volume of paper requirc^d for the repre- 
sentation and the transmission of . information, ! particularly in the 
correspondence and documentation done at one's work place. For thi^ 
reason, incidentally, the appearance of knowledge bases is consid^n-ed 
to be ieven more valuable for mankind than the printing of books. 
Information stored in these knowledge bases not only represents con- 
crete facts, formulae, theorems, etc., as was the case with the first data 
bases, but information which is interpreted and internally connected, 
and structured, in short, knowledge in the true sense of the word. Of 
<}ourse, the creation of such knowledge bases is not easy — one has to 
know, how to complete and synthesize ini'ormation taking care lest it 
be incomplete, eliminate n^dundancy and find solutions to n groat nxngv 
of other problems, that can only he solved by collective^ interdiscipli- 
nary research In which psychologists participate'^alongside specialists in 
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intelligent systenis. The psychologists study tne cognitive structures 
of man's memory, that is, his special means of memorizing, extracting 
from memory, and of gix)Upifn'g various elements of inforrriation, etc. 

Evidently we h^ve now reached the point at which wc should 
-answer th^ latter part of the question : what are thi^> potential charac- 
teristics of the new information technologies ? 

Certainly, they should have such properties that anyone who needs 
to solve prablcms with the help of a computer should be able to interact 
with it directly. The solution to the problem will be found through the 
automation of the entire process, from the expression of the problem 
by the final us(^r as a formula, to the programming of the computer. 
Thus, the intelle6tual possibilities of the computer should grow rapidly. 
At this point in our discussion, we should mention that such specialists 
in the field of artificial intelligence are required, who include in theh* 
spheres of interest the methods which enable the simulation; with the 
aid of technical systems of certain fragments of man's creative activ- 
ities. For this reason, indeed, the problem pf creating hew informatiop 
processing technologies for computers is ona of the fundamental prob- 
lems iti th^ field of artif icital ' ihtelHgemce. 

' The aatomation of the progi*ammer's activity requires the addition 
of new components to its tr^tditional structure. To the ^Hraditionar' 
computer, three more blocks must be added : Hhe communication pro- 
cessor'', "the knowledge base'*, and he **plahner'\ These blocks will 
synthesize the program for the traditional comiputer, a task which was 
formerly done by ,the programmer and by the help of which the tra- 
ditional computer solved the user's problems. These three blocks are 
sometime? merged under the heading of ^^intellectual interface". Tii(» 
communicfirtion process has the task of trans lating the primary text of 
the problerrt into the internal language of the system. TTiis block then 
transfers th^ result obtained by .the computer into the language under- 
stood by the user. The planner builds up the working program using th^^ 
description of the conditions of the problem received from the commu- 
nication processor. For this purpose, it uses a model exi^nt in the 
field of the problem, stored in its knowledge oase. This model describes 
all the necessaiy knowleage, with resfp^t to the solviing methods in 
the field of the respective problem. This model also stores standard 
programs with the help of whicli standard problems are solved. Out of 
these, as if out of bricks, the planner solves the problem of particular 
concern to him. 

Intelligent interfaces need, to be cretated in such a way, that the 
computer may be used by practically. « anybody . Contact with this inter- 
face should be no more complioeted than communiqation M^th a wai:iing 
machine having sevwal programs. Tlie creation of computers with soAch 
interffl<)es provide the spJution to the information crisis. Such computers 
Indeed may- appear ^n lees than ten years, for separat i elemwits of 
irvtelllgent Ihterfajceflr' already exist. So far, only a first tyipe of plan 
deviser ;>on»' not too powerful has been built. Communication systems 
thai permit dialogue In a li^turar language 'limited to one's professional 

. r 8i 

erJc 83 



NEW INFORMATION TECHMOLOOIES : THE BOLE OF AUTIFICIAL INTELLIGENCE 



circle have also appeared. The first knowledge bases, although not 
exhaustive, are already in use. 

But one should not conclude that wa should do nothing during the 
«ext decade. The possibility of a complete change in the way of worlcing 
with the computer has already been outlined. Those elements of the 
new technology which dr«w on the achievements of artificial intelli- 
gence can ai-eady be conceived without waiting for increases in the 
numbers of intelligent computers. 

Question : Reseaixih in artificial intelligence goes beyond strictly 
academic cbncems. The time when thi? very notion was treated erro- 
neously and anthropomorphically is lon^ past. The progress made with 
regard to the methods used in the field of artificial intelligence is 
already very evident in the market place. 

What is put into this product to give it such a high price on the 
market ? What do the over eighty companies in the West, the production 
of which is entirely geared to the domain of artificial intelligence, as 
well as the nearly 250 companies producing such products to a greater 
or lesser e;;tent, turn out ? What are the fields in this domain in which 
research is undertaken throughout the world and in our <;ountry ? 

Answer : To put the answer to you in a niitshell, we consider that 
a new style of work is being created for computer specialists. 

Three types of new systems arc penetrating more and more into 
our lives : intelligence systems for retrieving information, expert systems, 
and logical computing systems. 

The Intelligent systems for the retrieval of information are the 
successors of the so-called "ordinary" systems of information retrieval. 
The intelligent systems however, are different from the latter, not only 
because of the much increased ciuantities of information which they 
can permanently store and renew, but also because of their ability to 
formulate adequate! solutions to the problems formulated by the user, 
oven when the respective requirements are not divoct ones with respect 
to tbo system involved. In other words, those systems are even "intelli- 
gent" enough to understand v/hat the; person, who did not know how 
to formulate a clear question, really meant. In order to create such 
intelligent systems, it is necessary to devise a special logic of the 
question-answer type and methods for th- classification and tiie struc- 
turing of information. Presently we are trying to develop such logical 
systems. 

The most wide spread now-type syst(»ms are the expert systems. 
Their task is one of accumulating the experience of .specialists work' ng 
in s,uch fields as medicine, biology, history, etc. In other word?, a 
concrete expert system oriented towar^g a certain domain of problems 
(for example, an expert system for the diagnosis of acute hepatic 
insufficiency) Is an automatic adviser for the speciaKst. From the psy- 
chological point of view, expert systems have a qualitatively Hew and 
very important prt>perty ; with the aid of special systems, they are able 
to provide e^fjplanatlons. A task of tlie system Is to enumerate those 
explanqtions upon which the gfvei^ recommendation is fpunded, It is 
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evident that such a system increases the specialist's confidence in his 
Electronic consultant". i 

Rnaaiy, logical computing systems can undertake a multitude of 
pi-ecedttrcs whicW are used in projection, planning and as common dia- 
grani Systems. For instance, the GRANIT and DISFORP systems are 
us ?d in solvinij problems of national economy planning, and the MA VP 
system, in the automation of projection. 

■"Question : In our discussion, you have pointed out that the modern 
methods used in the projection and the elaboration of the new techno- 
logy repi^ent an obstacle for technical-sdentific progress. Can we 
conclude that research in artificigl intelligence permits the broadening 
of this "narrow area" ? 

Answer : It is both possible and necessary to do so. I would like 
to present, in a more detailed manner the systems included in the last 
group which I mentioned — these systems performing logical compu- 
tations — as they are required for performing a major part oi the 
problems under discussion. The ways in which computers are purrently- 
belhg used for research in the domain of the new technologies reqirire 
a series of intermediaries between computer and final user. I mentioned 
this fact above; it is worth mentioning again, for it is only rational to 
examine the way in v/hich the "final user the analyst — the appli- 
cation prograriimer" interact in this specifin "^se. Drawing on his knowl- 
edge of and experience m the domadn ingineering, the final user 
devises a prospective project for a future rchnical system. He estab- 
lishes the totality of its component^ and the possible ways of connec- 
ting them to the system. Using his knowledge of applied mathematics 
and studying the given domain with the help of the computer, the 
analyst translates the problems which are to be solved Into a mathe- 
matical language, an activity which is nothing more than the reformu- 
lation of the system description from its given level of study into its 
description at the mathematical level. Upon receiving the results from 
the mathematician, the programmer making use of his special knowledge, 
and grasping the essence of the mathematical n -dels and problems, 
refori lulates the problem from its mathematical wel to that of a 
workable program. This program is then reintroducec' into the computei-, 
the shift from the high level language into the code of the machine 
being undertaken automatically. Of the three transfers, this dtiG is the 
only one which is automatic. Thus the preparation of computing variants 
is excessively slow. 

If we refer to the whole problem of the elaboration of new technol- 
ogi'.'S we cannot fail to be awure of t;ie excessively slow reaction time 
between our projection system and human intervention. Some delay 
is inevitable, for in any research some corrections are always needed. 
Thus the final goal of the creation of the new information technologies 
is the automation of the shift from the object level to the m^hemaWcal 
level and from the latter to that of the program. 

The devising of such a technology of projection was carritnJ out in 
several' stages that wore marked by huge qualitative l(>aps and bv the 
gradual elimination of the intermediaries existing betwee'i the computer 
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and the final user. The first qualitative leap of this .kind was the birth 
oi knowledge bases along with their management system (DBMS). These 
new circumstances accelerated the revi5ion of programs by a factor of 
a hundred. This process is the rnost tiring because, when the pix)gram 
is conceived, errors i\v^ inevitable, due to man's lack of attentit^n, and 
they slow down the preparation of computing variants and their com- 
parison — the main stuffn of designing, Bu^^ now the programmer hias 
the possiibi.li'ty of sotting up a library of revisied prog/anr*s or of parts 
of .t)ie latter — -program modules .— so as to make working programs 
of jthem.. 

Technical ! systems computations consi3ting of a series of compo- 
nents take place in the following manner. According to the general 
regiiiroments of the system, the various components ^are calculated on 
the computer and then correlated. With the help of scheme-like m)odules, 
the particularities of the system as a whole are determined. If the 
particularities prove t ) be unsatisfactory for whatever reason, the com- 
ponents are again calculated and ttwj correlation system: is, repeated 
until a positive result is obtained. , , ; 

Aithough tl-iis procedure reduces the time required to complete a 
given jpb, it is still very long because the connections of the components 
among themselves ^^re still not automated. The «;ue9tian evidently 
becomes one of whether or not it is necessary to inclujie all cxjmpu- 
tation progi*ams 417 one system in which all processes are automated 
according to ; a common, information base — • the general d^ta base, 
Statem-qnt of .this question brings us close to the next qualitative leap 
which consists in the correlation of applied progr^ims to a system 
leading to tlie advent of PPA. There are two types of PPA's : one type* 
oriented towards methods of solution and one towards one domain or 
another. Tbe stocks belonging to the second ^ tyoe — those oriented to 
th^ solution of problems — are often used in i?sign systems and are 
known as automatic design systems. In the USSR^ c'esign systems for 
chemical plants, airplanes etc., have already been created. They react 
rapidly to huiman intervention thus p^^rmitting the examination of a 
large volume, of variants over a short period of time. 

Finally, the third qualitative leap in the automation of projection 
consists in doing away, in most cases with the pi'ogrammer and the prob- 
lems cowiected with him. Here we can notice two complementary 
directions that revolve simultaneously. The first consists in the fact that 
the language used for communication is increasingly slmjiMfied and 
formahziKl, thus conuny closer to the language of the computer. The 
final goal is to, devise simple means of communi<:ation which can be 
wisily learnt even by non-professional programmers. The second direction 
is a process opposed to the first : the language of the computer is 
approaching that of Mumans. This is the fundamental solution to the 
probilom of cotnmunication^ the direction followed, for instance, by the 
Japanese when they devised the 5th generation computei-s. The means 
of communication derived from the second direction are most aptly 
referred to as ^'intelligent', for they are made up of the soft-hard 
elements of artificial intelligence, that is of those, programs that are 
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stored in the . knowledge bases of the cooiiputers and of the related 
equipmtjiit (for instance, the I/O of information, whichi, with the help of 
some computer anne^ces, ^speak^^ apd "listen*'), which are created in our 
labs. Thus, the world of the computer merges with the world of the 
final xiser, and w;€ p^^s on to a new information technology. 

Question ; Ther^fQre I am not wrong when I assert thyt the methods 
used j)y artificial intiQlligisn^^e permit, a confipletely new organization 
of the activities of the technological engineering and the scientific 
research institutes, the tasks of which are to devise and to execute exper- 
im^ental models of new, and iifnf^oved technologies ? ! 

'Answer ; Indeed you are not wrong. Research in the fields of intelli- 
gent systems, of information retrieval, of. logical Qomputation systems, 
and of expert systems have reached such a degree of development that 
it is high time for a radical change in the traditional organization of 
scientific research and prospective design/. Many .research institutes, for 
insftance, no longer need to p>articipate along with ^technology offices in 
the conception of o6ncrete applied systems. Their main role is to cany 
out research, the results of which should increase the Icnowledge base 
of the new types of systems which we have mentioned earlier. With the 
help of these systems, builders and projectors will be able to calculate 
and to project everything they neod. Thus, a permanent division of 
labour will take place in the fields of machine and material building, 
and conditions will be provided for their further specialization. 

However, we are also witnessing the beginning of a new stage. 
The advent of intelligent com(puters and, particularly, of computer 
networks help to advance the solution of another extremely important 
problem. The specialists who make up the teams assigned to so\y^: 
certain problems by means of a joint effort always have different 
opinions and different levels of responsibility. Along with the creation 
of computers comes the solution to a number of social-psychological 
problems. ITie notion of the isolated execuLor has given way to a notion, 
not too aptly l^aibelled, of "divided artificial intelligence".^ Within such 
a type of organization, specialists at their wspective work sitations can 
operate over the entire information field stored in the memory of the 
computer, agreeing on their action:; by means of the computer. In addi- 
tion to one computer, a whole computer network, distributed geograph- 
ically, can be used. In fact, although it may not concern the users, they 
will actually come into contact with a sort of mythic computer, known 
as a 'Virtuar' computer, which correlates their efforts in the solution 
of the general problem. In such a network, kn^^wledgo and responsibility 
may distributed among several subsystems connected both vertically 
and horizontally. 

The development of research in the omain of artificial intelligence 
has led to the development of meam; permitting a transition to new 
Wfiys of solving problems with the lielp ^f computing technique. In the 
next five years, transfer to a technology by means of which the final 
user will work directly with the computer, without addressing himself 
to a programmer, will oci?ur everywhere. At the present moment, one 
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can implement elements of the new information technologies in many 
important sltuatio^ns, even on computers that are not equipped with 
an intelligent interface: Thus the efficiency of even the computers of 
today can be enhanced. » 

In a not too idistant future, the progress being made by specialists 
in artificial intelligence will make it possible for certain computers 
and methods to be used efficiently to identify and to classify situations 
so as to diagnose and to devise solutions for those domains that have 
been formalized to a reduced extent which represent the largest part of 
are linked together in a strong relationship. None of these domains 
to be intensified and to give rise to even more fundamental solutions. 

Artificial intelligence theory, computing -technique,, and robotics 
are linked together in a strong relationship. No one of these domains 
can evolve successfully without taking into account the interests and 
objectives of the others; hence, the merging of purely scientific, purely 
technical, and applied research. The rejvult is that the activity of artiflci'al 
intelligence becomes a true technical-scientific problem, the solution c/f 
which is vital for serving progress in the development of the material 
resources of human society. 




THE CHALLENGES OF COGNITIVE SCIENCE 
AND INFORMATION TECHNOLOGY 

TO HUMAN RIGHTS AND VALUES IN UNIVERSITY LIFE* 



Michele PELLEREY i 
Pontiflcia Universiti Salesiana, Roma 

In an age of rapid microelectronic teclmological development, the 
university community has to face many challenges. In my report I want 
to foeus on some of these challenges, namely the diffusion of cognitive 
sciences and technology and the developmwt of electronic communication 

J shall analyse this diffusion and development from a particular 
point of view : the possible threats to commonly recognised hum'an 
values and human rights. This does not m<?im that I deny the great 
improvement they have brought to professional and academic knowledge 
and competence. The fact is that legislators cannot keep up with such 
rapid diffusion and development, and ptomulgate positive laws that 
safeguard the rights of individual'o and ■ groups and give common, 
agreed-, 'x^n norms and decision criteria and procedures for choices 
mvolvlng shared human values. But the universitv is tho vfery place 
where new perspectives and new approaches may be conceived and 
tried out iv many fields i>f researc i, and where human rights and 
values are often involved. Consoquentiy tlie university community itself 
has to be concerned about such problems and to find ways of solving 
them from an ethical point of view. 

1. Cognitive Sciences and Technolof<y 

r. Cognitive sciences study luman cognition, that is, mental 
processes and representations from different perspectives. Among them, 
today,, the moat, influential are : cognitive psychology, wnich studies the 
architecture of the mind ; an-tificial intelligence, which tries to make 
miachines do things wiiich require intelligence when carri(<d out by 
humans ; linguistics, which explores computational models of t*i€ under- 
standing and production of language ; neurology, which looks at the 
interface between - brain and cognition, as in ^vision ; philosophy, which 
reflects on the foiin48jtions of cp| litive scjiencos.' All this can ^be said 

* SWtht.'sls from n XlfooH pr^onit'd nt the St«nidiinK CJonferoncp qii Unl- 
WWilty Pioblcrtw <CC-PU) Stnaabtttirg, llth flteMlon. a2~-24^'M*irch, 1988. 
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to be the new rnind scienw and a good part of could be called the 
science 'of the artificial. A common feature of these new fields of study 
is an analytical, explicit, unambiguous and non-metaphorical description 
and performance of intelligent processes. Thus the modeling process 
involved is a formal one, and implies a certain amount of reductionism 
of problems and situations. 

1.2. One field of application of cognitive sciences is cognitive tech- 
nology which deals with artificial cognition. The most common and 
widespread result is the cognitive computer : an implementation of infor- 
mation technology from the point of vieMr of ' thte^ cognitive processes 
that are simulated or aided by the computer. Society and hownun cul- 
ture are more affected in general by cognitive technology ttian by cog- 
nitive sciences. The university community is deeply involved in and 
affected t>y both cognitive sciences and cognitive technology. The values 
and b'titudes of individuals and groups, and en'tirc y^lue systems, that 
pervade the culture of society in general and of the academic commu- 
nity in particular, seem to be strongly influenced : just as attention 
given to the decay of the natural environment has had a jgreat inipact 
in past decades and new stress has been given to some fundamental 
human rights qxtA va^ufes (the rlgflit to breathe unpolluted air, the right 
to liv^ on unpolluted gi*ound, the value o!f experiencing nature in its 
hiost c^xciting aspects, etc.), ih the same way we must today pay closer 
attention to the transforrtiation induced by the cogrtitive technological 
environment. ^ ^ 

1.3. Cognitive sciences and, t^hnology have a strong impact on the 
iteaohing land recsearch lactivilfijes aoTid the martagemient of a umiversity. 
Traditional disciplines such as mathematics, engineering, m^^iciiie, 
biology and physics undeirgo a deep change in (their initemal structure 
aoid jmethodology ; mew disciplines ■ and professioniail specIisliBiaitions 
(such m oompuiter science, cognitive scitencr, laoid research using, new 
technologies) come to the fore. The moral bch?.viour of i-c-searchers and 
pruJPesisionalfi is greaitly challenged ; in fact many of |them, through tlie 
technological en^ommenit, (mi»nipulote human beings, directly or Indi- 
rectly. To make this point clear let me turn to the issue ..raised by 
expert sysftems. 

1.4. A collection of artifici^. intelligeiJce tfchniques: that enables 
compu'tett'^ to assist people in analysing problems and making decision 
is known as a knowledge-abased expert system. Exnert systems have 
been proved effective not only i!n university resieijirch laiborartori^ , but 
also in commerbial applications^ like assisting managers with complex 
planning and scheduling tasks, diegnosing disGMe, Icx^tirtg mlheral de- 
posits, configuring complex computer hardwiare, placing financiial ^mets 
in the mat^ket, etc. Expert systems change the way oeople operate by 
altering the way they think about problem-solving. This new technol- 
ogy makes it possible to de^velop^qulck, prd^gr^natic anwors for a wide 
range of problems tha^ curjnently defy effective soltitions. 

Expert systems have been defined as intelligent computer prog- 
rams thajt use knowledge anid inference: procodures to rplve. problems 
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that aine, difficult enough /bo requiire sigjiifio^wiit huni^ui . expsntije Tor 
their soji^tion. The knowledge consists of f^ts and heuri&ti<». m-e 
inform^^)n widely shared, publicly available, and genenally agreed 
upon by experts in a field. Heuristics are mostly private, little-dis- 
cussed mles of good judgement f characterise expert-level decision- 
makmg m the field. Generally sp iking facts and information are con- 
u M^f^u^^^ represented in and by concepts, principles and theories. To 
build the knowledge basis of an expert system we must identify and 
represent in a fonnial way the: specific knowledge and competence that 
an e5q3ert used in solving a set of related problems : facts, rules-of- 
thumto mferencc strategy, etc. For a program to perform m the 
way .that a human expert commonly dees, it mu£t react to specdlfic 
answers, ask question, explain its reasoning, justify its conclusions^- and 
use a language thait 'the Uiser can easily understand. Becaw-e of the 
formal representation process needed to develop such programs, ex- 
pert systems lack common §enpo, , cannot reason by analogy, and 'their 
performance, deteriorates raipidly wheal problems, extend beyond Ithe 
range of tasks tihey were designed to perfomi. 

FiTOffn our podzit of viiew the core of the issue is |the .fiedsion- 
making process guidod by the knowledge and the heuristics of the prog- 
ram. Such a process can be viewed either as an aid to the professional 
or the researcher or las aaitomaticj In both cases tlie system needs to 
be able to perform the tasks intended: the formal representation and 
^•egistration of all the pertinent information. 

1.5. .If'ithe deciBioin-mal<i(ng ptxjoeiss in a particuLar field is only 
aided by an expert system, and the final decision is left to the res- 
ponsilbiiity of lan individual, no serious concern would larise about hu- 
mian inighits, and values. Mo^e and more in the future profesfeionial ex- 
pertise will be affected by the atrility to exploit such madhines in the 
solution of difficult and complex professional problems. The challenge 
to the university has been |to educate aoademlcB, researchers, and pro- 
fcssionials ito oreaoh a good level of competence in miaking decisions in 
a more efficient «nd compreheoisiye way with -tile help of fthetse new 
technologies and in carefully checking the relialtdlity on the one hand 
of the computer program and on the other of the data collected. 

Quite different is the case of an automiaitic deaiision-ffnaking pro- 
cess. Any automatic decision-making process based on personal pro- 
files derived only from registered data could give rise to serious con- 
cern about the rights of individuals. This is portiicularly evident in po- 
lice, judicial, paedioal ^nd psychologioal decisions. This does not mean 
<it may be n^-cessary to repeat it) that people canti^pt use expert systems 
is such contexts as an iad for analysing situations under discussion in a 
systematic way and for explbrin)Cf<poss(i)ble solutions. Rut leaving the final 
decision to the nwohine where, the dedsion, is taken in an automatic 
way, In a field involving human rights and /or values cannot be 
allowed, in any way, or, in some cases, the right could be asserted 
to know Ihe process,, model p.sed. l^p make clear the point, in 
this particular situation; there is the ^jcx^^ibility of a reduction of an in- 
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dividual to a coDection cxf formalized data, and of the consequent 
automatic decision fwocess being left to an automatic cormection of a 
formalized profile with a lonnali'/jed knowk-dge base and a formalized 
inferential set of rules. Consequently, personal values and beliefs are 
serioiJsly tln^eatefiied by such procedures. 

In general to place undue confidence on the conclusions derived 
frcm programs that formalize the relation between a lawyer, teacher, 
doctor, psychologist, etc. and an individual could lead to a depersonal- 
ized profmional relationship with the client, be ,he a student, patient, 
prisoner or other. 



2. Electronic Comniunications 

2.1. Electronic commtmioations haive undei-gone great des'^elapment 
an recent years. It is no longer a matter of big mainframes with lar^e 
amounts of stoa-ed information, but of a rapidly increasing distribution 
of strong professioinal compu(ljei« with vast memory oaipaeiiy, dntercon- 
neoted through local networks and/of teleoommunioaition sy'^^ms. 

The possibility of collecting ahd Yi&vmg acr^z^i to lavge data bases 
and processing information at high speed may induce, from an academic 
perspective, dispersion ' and , lack of control of the pertinence and 
value of the gathered data. In this caie the solution is ?ji.n educative 
one : to develop a better capability to' ieleci ahd use in a valid, coher- 
ent, and pertinent way the data needed ; to foster the ability to follow 
and steer from a higher point of view, understanding and evaluating 
the process that has been developed and the results obtained. 

2.2. In a university almost every scholar, researcher, administra- 
itor, «nd even student has access to a work stdtiion that is able to store 
and process large amounts of data from different sources. The collection 
of d-vta stoned on optioal' or magnetic suppocnts and related to particu- 
lar individuals or groups cah be easily reached through electronic eon- 
nections. Large amounts of data can be tranferred fffom one research 
place or, domain to anothet place' or domain, ahd through convenient 
elaborations from anonymous and general data we can sometimes da*aw 
the priivfiite features of pairticuJar persoms. Particularly dangerous could 
be ilte data collected in longltudiinal micros tudies or the data conserved 
in .the adminlsfcratiive files, Remote maintenance of oentnal mainframes 
and of distributed workstatdons can giJVe room for criminal intrusions. 

2.3. So, both privacy and the right of infbrmed access are plac^ 
under discussion ; pefitorial values and beliefs aie given a new challenge , 
In fact it is not only a question of protecting pctrsonal and privfito in- 
fo(nmatlon, but also of giving indivlditals ' access to the infoirrm-tlon 
tliey heed for their studies and problem solvilpig. There may be jtwo 
conflintdng rights. 

2.4. To rely unduly on electronic media in ihicTpersonial commu- 
nicaticrns' can give rise to an inhuman climate, insensitive to the whole 
reality of the pw-swri. Electronic cocnmunicartlon systems lane repJbcing 
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djrect oral dialogues and interpersonal non-mediated relations. Now 
electromc codes and protocols stand between individuals. And from 
the, wgiiitive and ^he cultural point of view, the forni of coding of in- 
formation and thought is not indifferenit. Oral communication lanftUQPe 
as rlielbonoal and pragmatic. Written communioaition is logical ^id dis- 
cursive and needs a complex process of interpretaition. Electronic com- 
munication m most cases is formal and pnalytical, with an automatic 
interpreter. Our way of thinldng amd problem-solving is affected by 
tftt- <>ommunication technol6gy we me using more and more oftem. The 
valu^; placed on direct, good, interpersonal relations, is gradually ti'aais- 
forred to the syntactic correctness of statements. Such attitudes may 
tiien Pe traivsposed litito academic and professional activities. 

3. The Action that Can Be Taken 

3.1. From what has been said it becomes clear that even in the uni- 
versity context the rights of individuals, families and groups may be 
threatened, if approapriate action is not taken. It is time lo pav more 
^:ttentlon not to the tedmological aspect of these developments,' but to 
tJ-ieir cultural and ethical implications. The more technologies become 
transpairent to the user,, the more central is the otMcal issue. In-road 
safety issues today, thfe cultural aspect and the moral responsibility of 
individuals increasingly appear mare centnal than technical r.nd driVine 
performianco. New Ibechnologies become more and more friendly • they 

pkced, many times, between one man and another end have the 
side-effect of inducing the one to consider the other onl> through the 
reductive and deformed medium of a collection of data and a formal- 
ized profi e. New moral issues arise in this context : ttie right of all 
human beings to be ti^.ted as such mnd not like objects or collections 
of data. 

3 2. So the first step is to be aware, at the various levels, of the 
complexity mid extent of the problems and forms of the impact m;echa. 
nism on etlucal and cultural systems. Becoming aware means perceiv- 
ing paying attention, studying the human values and rights involved 
m the diiffusion of the artificial in biology, genetics, medicine, environ- 
Lr,T«L'TT'; ^'^»'^'t'°lV ; reflecting upon the challenges arising 
asid then behaving according to m qthical and prof '«ional code defined 
by .the a«*demic cotnmuMity, besides the exil^jting Jaws. This oan be donn 
by a permanent independent body placed inside the univcreity with the 
job of defmmg the rules to be followed by overy mietmber of (the uni- 
vei^-ity community and of settling possible conflicts and clain^s. This 
It l\ "^J" ^'"^vensity communitios i-nd we could analyse 

the problems they fac(xl, the action taken and the results achieved. 

^ 3.3. Amonij ts}ie issues to be camefuUy considered by such a body 
IS he i>oss);billty of forbidding or presenting the transfer, like commer- 
cia goods, of automatised profiles of individuals, families and groups 
collected m tlic files of all the academic staff (adminstrators, schol- 
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arij, researchers). This Is particularly so if the data collected refer to 
private behaviour and nof to publdc performances like examinaitiori 
results. And in thiB^venture the right '|to be informed and to hwe •|^<iess 
to information useful for studying and participating in the life of the 
university must be simultdneously taker* into accooiht. 

3.4. Aijothea- 'action that can be taken the developonrnt and inser- 
tion into all academic and professional curricula of inta^ductory cour- 
ses on tile cultural and ethicaJ. issues raised by cognitive sciences, ond 
techniology, and of the development of communication land ahformation 
technology in geneinal. 

3.5. Moreover, vre can be more attentive to the supervision of pro- 
fessional and research training and pay special attention to the cul- 
tural and ethical issues involved in activities carried out In^^de the 
university and, in perspective, outside. ' ' ' 

3.6. All the action taken must be matched by the development of 
multiple forms of comnitmicating land rel^tog : from diiicct, interper- 
sonal relationships, based on dialogue and discussion, to the systematic 
use of written' sources of knowledge and the .capacity to communicate 
in a logical, valltd en'id effective written form and finally the use of the 
different electronic media, analogical and digital, through which to 
interact in a valid and productive way with the knowledge codified and 
conserved in different bases. 
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STRUCTURES AND STRATEGIES 



The five papers included in this section give «a broad overview of 
well established experiments in organizing the introduction and devel- 
opment of the new educational technologies in higher education ia- 
stitivtions. The expea^ments under d^cussion were undoi-takcn in a 
major university in the USA, a new and small' universitty in England, 
in a network-type higher education ins|titution aiming cvi permaaent 
education' in Austria, as well as in two European countries, the GDR 
«nd Switzerland, the latter two conveying a broad-^cale macro-per- 
spective. ; 

Professoi' Patrick Suppes gives an oveindew of (the Wi^ys in which 
computers are utilized at Stanford University. He enumiemtes the res- 
ponsibilities of the various services of the Unive- ^ity in charge of com- 
puteirs. Special emphads is laitt on the intrtitution meant to flacilitalte the 
implementation of computers, to offer free computei- time to situdentB, 
and tp organize the network. The la|tter is the most recent preoccupa- 
tion as weJl as th^ quintessence of the rational use of computers within 
universities, feach faculty has its own facilities which it applies accord- 
ing to the i^equirements of its courses of study. Professor Suppes, who 
has edited the volume '*Univecnsity-Level ComputoAssisted Insitmction 
at Stanford : 1&68~1980'* and who is well-known for his ake-ad?* clas- 
sical studies on logics and the methodology of science, as well as for 
supporting the extensive use of compU}teis in education, offei^ a n umber 
odP insightful remarks on the most up-to-^ate ways of using computers 
and their future at universities. Of special interest are the *^finding- 
axioms exercises'\ which are subtler and offer more shades of mean- 
ing that the ordinary demonstrations of the same theorems. 

The article by John E. Galletly of Buckingham Universiity offers 
a description of the Computing Science Laboratory, the micro and ma- 
cTocompoiters of which aire connected to a network. Pei'sonal compu- 
tes may be used as terminals linkod to « ne<twork or as sttfcmd-alone 
computers. The list of disciplines for under-graduatc students, spreiad 
out over two years with four ten week terms each, is most enlight- 
ening. So is the idea of introducing a Computer Literacy course for 
c&ch and every student. 



ERLC 





STRUCTUBES AND STRATEGrBS 



Peter Baumgartner and Sabine Payr's case study deals with the 
introduction of computers in an interunivei^ity research ins*iitu)tior\ 
with six centres, aiming at facilitating distance studies, the further edu- 
cation of teachers as well as aquaintance with other topics of acute 
social inltei^t (ecology, heialth, energy, eitc,). The ^jtudy emphasizjes the 
imparftance of new technologies for supporting the increasingly impor- 
tant role of universities in new social matters, the new didactic con- 
cepts this rcle entails, as well as sitrategies for the introduction of com- 
puters, which start with pensonal ones, continue with user-Jstations, and 
end with networks. 

An overview of the problem ia|t the level of a whole country is 
offered by Professor Horst Mohle, of the Karl Marx University in Leip- 
zig for the GDR and by a survey on the introduction and development 
of the new information technologies in Switzerland. In his article Pro- 
fessor Mohle illustrates the introduction of computers for students 
whose basic fields of study are mathemattics, infoiTOatics, «nd econo- 
mics — fields which axe well suited for the widespread use of com- 
puters in education — , for all students irrespecibitve of their ba$ic 
courses of studies, and for students in further education. The article 
discusses ten points which have required the reshaping of tlie uni- 
ve<nsity pedagogical process and have en)talled the organization of a 
one-year postgraduate com^se for all the young scientists and academics 
(researchc^rs and graduates). The study i-e^aches a most v\aliiaibLe con- 
clusion according to which the introduction of informatics is .more 
efficient when closely linked and adapted to the basic field of each 
profession. 

The article on informatics in Switzerland represents a very inter- 
esting review of the specific way in which this science has developed 
and implemented itself in a country in which private initiative, partic- 
ularly at the educational level, plays a special role. The report pre- 
sents the situation of scienltififc research in the field, the services of- 
fered, the exiistin^ ififratstruoturos, the vairious domains of collabora- 
tion — interuniversity, univei-sity, aaid otheirs — varioiuj forms of 
co()rdina(ti(xn, and Swi:^s participation in European projects (for instance 
ESPRIT and RACE). 
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objeotiive ih this paper is to give an overview of tiie maxiy 
different ways in which oMipaters are now being used in universities, 
and also to give some pJJSetionB for the futuaie. I hiasten to add tba|t 
the aense of overview h^e Is ndt a att«rfistiical one. I 3hall, iti flact, not 
make eny effont to oollate- data from a Mapie^y ' of universiitdes; 
but rather will examine in some detail the highly' pluralistic use of 
ootmiputieiri'.iait; Stantotd, my own- univearsilty. It is gieaiieraiLly (recognized 
that, i A the' United States, Stanford is among the research universities 
miaking the most ex|tenjsive me of computers.- The other two exiaihples 
that' ifnmv llately come to mind ' are the Massachusetts Institute of 
Technology (MIT) and Carnegie IVXellon University in Pittsburgh, brtit 
the. Qvtmll. soaneNdn; the United Stp.terf is complioiited and. highly plura- 
listic. No single. university is doing thd most in every direction. There 
fjfe impoa:(tan|t and pioneering etfforits' th«rti aire not duplicated elsewhere 
in lany one <oi 25 or 30 majcr uniivorttttieR^ in the bounitry. . . 

I have oo^ianiaed thib piaper in the foJlowing way ; the next sec- 
tion gtves a brcxad ovemdifew of the ways in ' which compult&re are 'insti- 
tutionally organized -alt SUtenford. The foUowln^; section, Seobiion 2, dis- 
cusses the STDeclal role of netw6rking and some of the prcA>lems that 
have be6n enoountei-ed ih imipleimentimg a aati&f^bctory network ait a 
place like Stanford. Section 3 gives a- suivey of some of the different 
irtstructionjat AiSfcs of oomputens ait Sts iford. In Secftion 4 I ' tmat in 
somewhat Wne detail my own yeaii^ of experience in computor-ais^jBted 
instructlt ,1 at Stanford £|nd also, 'but to a lesser extent, my experience 
in Aimeriicdn secondary schoods. The finqil section miakes some projec- 
tions about the future based on my current imipressions of dewlop- 
nuents thiaft are taking place in the Uiilted Stsltes and other parts of the 
world lat the pi-etsent time. 

1. Overvi9w of Computers at Stanford, 

To tile visiitor coming in fwm the oulbstif^c, ftibe main ia<:i.rriinl9tratiK'e 
unit in c^h^ge of computers at Stanford that he would perhaips first en- 
9pimt^.>woal4 bp the Infoamtnatiion Technplogy Services (ITS), ITS is 

V — New information 9f. 
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pnimairilly responsible for (the adjmini6|tirative use of coonputens which in- 
cludes everything from payroll to course registration. ITS is a large 
organ) zaition and consequiemtly has divided itself into a number of sub-- 
units, the tlitles of which will give a sense of the kimd of work ITS 
does : 

• Director's Office 

• Admlmistnaitive Information Services 

• Gommunkaticms Services 

• ComiTiimioation Information Resources 

• Computer Opeaiaitions 

• Data ReBources Giax)up 

• Graphics amd CJompute'r Systems 

• Maiding Services 

K • Adminifl|tnra{fclv]e Servd<^ 

• Finianoiial Seiwices ' 

... I ' ; ■ . r 

I will not try to describe each of tbese subunits — thur titles are 
reasonably self-explanatory — but the jpain reason is that ITS is just j^he 
begiiming.^ ITS nwllnly uses ]jeurge IBM iiMiLnfiraimies. 

; The. next unit to mention is Acad^ic Computing and Information 
Sy^ljemis <ACBS). The mission of ACIS ife clear, from the ti|tle ; it isrto 
laoU'itate lacademic computing. ACIS uses a great viairiety of camputeor 
equipmqn^t. I will say tfnoate about each oi its subunite here ^because they 
are less sedf-expla^iatory. The finsft ia /Imtruotifan atnd Reseanch laiforma- 
tioa Systems (iRIS)i IRIS*s role within AOlS is to provide help to faculty 
who want, to get into the use of computers for instruction, but do not 
h*ve much in the way, of computing facilities or experience. The second 
and major activity Is Lo^/ Overhead Time Sharing Computer Facility 
(LOTS), which is a facililty thoit has had major injipact on the oaippus. 
LOTS provides free computer time to students. It \im Been an impor- 
tant exjpe;:4ment in makin^g oompu|te(r fadJities available on a broad ba- 
sis to undergraduates. It oontinueSf to be a majoa* force iin the ui^e of 
computers by undergxtaduates . at' Stanfoird. Students use |the LOTS 
facilities for doln^. problem sets in mathematics, science and engineer- 
ing» for writing paipeis in almost any subject^ and for conducting various 
research project; under some faculty supervision or often without such 
supervision. The third component of ACIS is niet\yorking systems, which 
has the responsibili+y for the Stanford tJnJv^sity network about whicli 
I will have more to say .later. Finally, the fourjth subunit of ACIS 
is the Video Education System, which provides vkteq faciy^ies for. fa- 
culty use in the preparation of instructional miaiteoriialk. v 

ITS and ACIS are the two university-wide organizations, but per- 
haps the most impooitant singjle Jjesson administratively albout Stanford's 
use of computers ife that thiajt use iis not In 'lfiuny aeftse M^«ynized cen- 
trally. It is a blooming chaos of plui^ism and I think mosit flaculty 
v&ty much wa«.t it to he ihai way. Lett me just review soflrte dl the 
other iriain unlvertity organizations that hav^ imi»jor comiputea* IddUtles 
Independemt of ITS and ACIS. Fiirst on tthis list is* the Staiiford Lineiar 
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Aoc*l«i>i)t^^ Center (SLAC) ivhich hiais very larjEje ■ computer as paort ot 
its jBacillties fo!r jNese^irch in elemejitairy paarticle physics. SLAC mainly 
uses largo IBM mainframes. The cocrtniputiiig facdilities avaiiHable at SLAC 
would alone eX<»ed tliafr at probably 75 to 85o/o, lamd possibly moine of 
Amertcain -imjlvteirsitiitB; Seeoiidly, the^ is the Depa<ritirtlent of Computer 
Science WMch has ni&joT fiaciJlto available, especially ior ^research- in 
artftfibiar intelligence; Theee liaciaiti rim as a sepiaraite facility in 

IJie Depaaitmem of ^G^ The Departmieirit of Computer 

Science has a' vttritety^of ejulpment. Until recently, it has extensively 
used- DBG equipanent, but is imoving increasingly to a variety of i^eoent 
miaCftinelSfveispe<^ thbsfe well suited (to efficient execution of LISP 
prOjgraimSi The Department of Computer Science Is now' a pamt of the 
School of Engineeritig, but I also list the variety of facilities available 
im the School 6f Engineering Which are separate firom the Depait^^ 
of Comptiter Science. It is iatiportaint, however, to emphiaisize thait the 
variety of computing in the School of Engineering ife even at (this level, 
n6\ oiiganJfised-ifl' the Dean's Office, thait is, centrally in the school, but 
fc decttiAmlizieil to various diiiartments of )the School of Engineering. 
Thfeae^decefito^jriized^fnc^ departimetits of the School 

of Engifieering i?(ire used boith for^ instrtaction and researiirb. It ife fair 
to' say however, tot there is some tendency for the instructional faci- 
lities to be ^ore cehtraJilz€Sd at ijhe school level than the research faci- 
lities. The variety of computer equipment in the vjarious d^partnaents 
of jthi^' School of Engineeiing Is tdo *gi^ to survey, but there hafi been 
a V«rjr i^'ttx)ng liribv^ to, having a laftjge ntmiber of personal computers 
afvalldbte'lloth f<«r f^lty a^^ ' , ' ' / 

Next in size i^ the School 6t Medicine, which bias extensive com- 
puter facilities pi'imarily for research purposes. Many readers pi^obably 
bave heard of the artificial iptellige^c^ prpgrams developed at tha 
Medical , School for Medical Diagnosis such as MYOIN, but there are 
also ext^hsive use of computer facilities for dat^ analysis and a variety 
oi , other purposes. Again these facilities are independent of other 
Administrations in the university. The School of Medicine has in tlie 
past used IBM mainframes mainly for data analysis and DEC 36-bit 
word machines, originally PDPlOs and later PDP205, for the work in 
artificial intelligence. Given that DEC has terminated its line of Se-^bit 
machines, the future is less clear but undoubtedly the work in artificial 
intelligence will move in the same direttion from the standpoint of 
computer facilities as that in the Department of Computer Science. 

' The School of Business has a centralized facility ^as part of the 
school with a st&f* td rtm ciJmputer facilities, but 1 emphasize ag^n 
that this facility 'r4ins at a decentialiljed level from the standpoint of 
the entire university. The School of Business is essentially responsible 
iryd^jyendently and with<>ut further consultation for^ the way in which 
thlrf computer facility is mh\. The fftJcilitles are used for both' research 
ai7d instruction. The School of Business is encouraging every student 
tp have a peif»oftal computer, the Use. of personal computers is extensive. 
In addition, the central computing facility of the school runs two DEC 
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20ftQs plus some other equipment. Ag^in, as in othfr cases mentioned, 
transitjon to new equipment is now being actively discussed, in view 
ol DJ^'s termination pf the 2p60 line. 

There are may . other placeiS that have an independent use of 
computer^ in the university. I mention here only various research 
institutes of which my own Institute lor M^theniiatioal Studies in the 
Social Sciences is an example. I hpve , been running independent 
c(xmp^telr facilities at IMSSS since 1963.. These facilities are modest 
in comparison with SLAT, or the Dapartment of Computer Scienoe, but 
what> is important is the^ long history qf research and development 
conducted within these facilities on a continuous ba^s and aigain with 
responsitolljity for their, .deivelopment being entirely deoentraliised. No 
university iunds have , been ifsed tor; the pui'chase of any of the 
equipment in IMSSS and this is true of much of other pai^ of the 
University, onc^ ITS ?md,!AC?J)S are excluded. 

There is an important second generalization that goes with the 
decjentraUzation, namely,, as research organized in the United States, 
most .igroups have responsibility for raising their owr\ funds for 
computing facilities external to the university. There are only jimited 
funds from ,th^ university budget that flow directly iato reseaiidi. The 
comif>u'Ui|g;,feidi.itie5 used for research are almost entirely funded by 
grants fjpom the federal government, although there is tieginning to be 
a certj^in amount of fupdir^ig fron^ pritvate i^ , 

iTo those. readers entirely f anrjlliar , wit^ :this patteri^ of funding, I 
should mention that from, a legal standpoint tl^e contracts pr grants for 
research are between various agehicies .of th^. federal ^v^rnment and 
Stanford University but, in actual . fact, the research proposals that 
constitute th6 substantive basis for ttie granting of the research are 
made by individual' investigators, and these individual investigators 
really have the responsibility foi- raising the research funds by makirig 
proposals to granting agencies, and also fpr managing the use. of the 
funds once they "are granted. The university ' has a fiduciary respon- 
sibility,' but not a substantive research responsibility at the central 
level, in the use of the funds. ' ' 

2. The Stanford Ethernet ^ 

An importaut problem for a university campus on which there is 
extensive computer usage is how various computers and terminals are 
to be connected. Fifteen or twenty years ago the matter was simple ; 
there were « relatively small number of computers with each computer 
supporting a number of terminals. On oocasipn an ^ffo^t was made to 
establish direct communication between computers, but no general net- 
wor)c was put in place, Not, only oi\ campuses but throughout the world, 
perhaps the central technical hardware and, .software problem of data 
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♦ I have benfefiited from drtscusslon with WiWlam Yundt, Diini»ictor of the Stan- 
lard Netw6riein(8( Staff, and Ron Aoberts, a member of that staff With whom 
1 hjtve %vorked fpr many years. ', 
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processing maniiig^rs at the present time is establishing an efficient and 
reK®ble network. 

- The Stanford network has grown up in a different way than many 
that Are being installed at the present time, for it has evolved iti a 
piece-oneal fashion. The first ethernet networks were based on experi- 
mental S-megabit ethernet hardware and software given by XEROX to 
Stanford. It was realized' quite early that the expansion of the ethernet 
as such to the entire eamj^uis would not be feasible. There were two 
•reasons for this view of the matter: first, the ethernet hardware did 
not work well at distances Idn^-jer than about 2 kilometers; second, the 
etheftiet viras subject to varfmis' Idnds of failure. These local failures 
needed to bd isolated so as not to disturb other parts of the network. 
' What Stanford did was io introduce a gateway technology. In prin- 
ciple — though in practice a little diffei^nt — , each building addresses 
the mam network through a gateway. This gateway protects the main 
network from points of failure in the locjd ethernet in a given building. 

The Stanford Gateway is a packet-routing device 'iut the hardware 
and software were specially designed at Stanford. A gateway is capable 
of interconnc-Mng, up to four ethernets, which consist of experimental 
3-megaJ)St ethernets or standard lO-megabit ethernets. There is, in 
prmciplfe, no limit to the distance bet W66n gateways. 

At the present time, the total nimber of gateways is 31 and the 
total number of subnets is 53, but it is evident the network will 
confinue to expand. Also, by this time, most, of the local ethernets are 
standard 10 megaibits. . ^ 

Another feature of the net are TIPs for terminals, where TIP 
stands for Terminal Interface Prqcesaor. TIPs are built at Stanfoirl 
with the same hardware, cor.ponents as the gateways. A TIP uses 
Telnet protocol software to establish communication between standard 
AM;I-K terminals connected to the TIP and computers attached to the 
netvvork. The Stanford TIPs are widely ^sed. For example, many of 
the timesharing computers do apt interface any terminals directly, but 
only through the ,ethernet at TIPs. There are approximately 2,000 
terminals connected to the ethernet by way of TIPs and well over 500 
different computers, with that number continuing to expwid as a 
"variety of personal compiiters are added. 

Stanford has been the recipient of a large IBM grant of equipment, 
Uie impact of which I , will discuss in more detail in the next section, 
but it is worth remarking that the IBM PC family is supported on the 
network by the fact that the network supports the 3-Comm ethernet 
board which costs something like $ 500. The spftware supports both 
file transfers and protocols for remote terminal access. In the latter 
case, it Uses IP/TCP which is the standard ARPA net protocol. How- 
ever, most of the PCs are actually Interconnected on a local n^-t 
which uses the same b|pprd. 

A natural, question about networks, i? the same question that arises 
about large numbers of terminals on timesharing computers in the 
recent past. What about saturation ? ' Thus far the operational ex- 
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perience, which has noi. been studlecl Cfcirefully ^^*«tiJ5Hcally as yet, is 
that no part of the network is utilized for more than 20^/\ of capacity. 
Usually 5 to lOVo of capacity represents the maximum use in . any given 
day. It should be mentionted, of cowts*^, that a network of this kind 
cannot i^:-aUy operate effectively , at .100% «>f capacity ; the $iervice 
.begins to degrade onc^ something like 50 of oapsfcitv is reached.. 

It Was mentioned earli^ that one of the reasons for gateways was 
to increase reliability. It should alsp, be emphasised that a feature of 
the network that will increase the reliability still further is to ^ have 
between any two gateways alternative routes so that if a given gateway 
failsv it does not bring down communication between other gateways* 

Let me mention some problems from an operatlotxal standpoint. 
Perhaps the most obvious one is that, the network is not an effective 
way for dealing with character-by-character interaction from a remote 
terminal to a timesharing computer. I have had personal experience 
with this because we access from a computeir-based cla^room an IBM 
4361. One of the prime uses of this classroom is to Tun the comtputer- 
bapM Ibgic eoUrse which I discuss below. In this logic coui^e, there is 
very rapid interaction between the student at the termmal and the 
program. The student has a control language that is based on .single 
key or small number of multiple-key entries. The network is not 
oriented toward this kind df interaction, so what we have is a special 
fiibor-optics connection between the IBM 4381 and the 20 terminals 
dedicated tb the course. The existence of such a dedicated fit>er-opticA 
connection Is just one example of the fact that not aU the communica- 
tion will be on th? network, although most of it oh the campus 
now is. t > 

The sefcond problem is that '1f onb wanted to do 'system b^tckup on 
a computer from a remote site, it is not really going to be feasible, 
apaH from the fact that the software for doing silch backups does rjot 
exist. The network ivould soon be overloaded if backups^ on very many 
systems were done in this fashion. This is because after protocols are 
taken account of, the effective maximum rate on the netwdrk is ap- 
proximately 2 meigabits, although even this number is probably some- 
wtiat'high.' ' ' • ' . ' ' 

Althdugh there are problems v/lth the network, it is clear that it 
is by and largo quite successful and Is meeting an important requirement 
for x!?omputing on the 'Stanford "ompu*". The overview I have given is 
from' a technical standpoint sviperflcial, but I hope I have given . 
broad sense of how the network .ool^s from the user's standpoint. 

It is Yundfs estimate that Stanford currently runs the largest 
high-speed hetwork of any university in the world, He forecasts the 
foltowing' developments over tae next few years. ♦^During the period 
19fi^_88, We wilt gradually saturate the curifent broad-band network, 
including the new 'physical' capabilities for handling video as well as 
computer communication. After 1988, there will' probably be, over a 
4- or 5-year period, a Widespread installation of fiber optics Id provicjf^' 
at least 100 megabits of pmmunicatlon capability'V v., ^ . 



y-''' ...•This ^wvey wiU xiec^?«sairily be supo^riipial and not in ,any sease 
«t^^tlisU<>al. ,Th<i wi<J<i8pw^;ad di^ft^rmt uses qf computers are so extennive 
Tisi^^pre thiat 1 can oj^ly de9i:>tibe thejT) in a general way, I have also 
«xolu<^ed aiiy attempt to 4<^si::riitae the msearcJi use of computers which, 
it cK»m^?f ,to me, is in any c^ne, wuch tetter known irom thi?» ,scientif;\c 
'Ilt/er^twr^' To a iai/' extent^ the >uxvey will be b^ed upon iiscf* -that are 
, *being made of the extensive <jquipment grant made by IBM to Si^nford, 
: feut ther<» is also extemive use of other computer eciuip^iient In fact, 
soxjme of /the ^i»e.s dejjwltoed comrrt ingle equipment from vm-ious nvanU- 
facturers. In any case, my central point is to stress the.iimte'Uctiorx^i 
application^/ ; 

1 have organiz^>d this survey in terms of the various schools at Stan- 
ford, whirh constitute the main administrative orga?i?.zation of the 
university fay instructional purposes- I li-ave organised the presentatioi 
in terms of decreasing enroDxnent ; the largest school, the School of 
, Humanitieii and Sciences, compx^ises 27 academic departments and 26 
separate programs. 

*Xhe School of flumuaitii&ji; atid Sciewcfes r. 

I begin with the Bpohomics Department whiclit has under way an 
intensive development program for the use of computers in large en- 
jroHmcnt undergr^fcduate courses. Most of the, worH consists of quan- 
titative analysis incliading ^ tis<? of simulations. ^T^ a numW 
of linear programming and other econometric statistical paclwges used 
by ^students \n the ar\alysJ& of ^dajtev lyh<^ Economics, pepartmimt --^ind its 
stufknis use efjscMtU^lly ^lOQVo capacity of the IBM 4381, allihaugh there 
^re othei'f users on the system. I mean that iQOVo of \ the cycles are 
V j?eing usipd hours a day. 7 days a w^k. T^^^ Departments of Pohtical 
Sciience and Sociology h^ve a similar !a«^ge-soa^e u$e. Students are doing 
^tiit^ies o( various socifil phfnomei:\» base4 upon. large-s<?ale <iata files 
avafilabie from the Census/ and other sources. In contrast, the 
Department of CommunicatiorAS is using computer facilities to improve 
video-editing techniques and also has an extensive u^e of mkrocom- 
puters by students for electronics story board programs for him and 
televisioA and for data analysis. The Deixirtment of Psychology has an 
extensive use of computers for individualized instruction, especially for 
demonstriition and simulation of well-known psychological phenomena. 

It should also be mentioned that for all of tliese departments, tne 
use of microcomputers for word processing important for large Clum- 
bers of students, both undergraduate and graduate, i 

I turn now to some sample us:^s from 'the natural science ' depart- 
ments. In Physics, personal computers are biE^ing used in a 'tHfeo|;etical 
astrophysics course for ne#'^^ cotirf^se development. Extensive use by 
students for both purposes of simulatlbn and nuHierical computation 
a*epresent a central role for instructional use of computers in physics. 
In broa(^ terms th^ vees are similar In the "^Departmwt of, Chemistry* 
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The uses ;by g^^aduate studimts include Calculation 6f molecular proces- 
ses, infnared absoiption processes, and energy transfer m solids. In the 
Dei:Kiftm€nt of Biology, priority has been given to providing works ta- 



^ ti<ins for graduate studen»ts in the i^seaixih labs and to make personnl 

computers available in the undei«graduate teaching labs fci- use by 
students in th<: core biology curriculum. The Department of Statistics 
has placed a current priority on graduate students and faculty doing 
■compitiOing related to- the ideas of shrinkage estimation ' in the fiomputa- 
tionally . lnt<<h{;ive problems of smootjiing and procvissing of noisy 
images. The statistical techniques involved here hav<! extensive ap- 
-pllcatlons in a nuittber of areas ranging from satellite pictures to CAT 
■scans in medicine. 

In the School of Humanities and Sciences there are 14 departments 
•Within the Humanities division. The most extensive use, up to daite of 
.computers has been in work processing. At the ' present time about 
170 of Stanford's 190 faculty in the Humanities use a personal com- 
-puter for mdi purposes. There are a number of other different uses ; 
ior example,, individuals teaching and doing research in different lan- 
guages want to be able to manipulate tliese languages on the screen 
and at the keyboard. The most extensiw teaching applications of 
computers in this respect have been developed in the Department of 
Slavic Language where extensive driU-and-practice routines in Russian 
•and ott-ier Slavic languages have been developed. Because ot the very 
small number of students taking any of the Slavic languages except 
•Russian, the Department of Slavic Language is esnecially anxious to 
develop a computer-based course in Polish and some' of the other Slavic 
languages. ' ' . 

The Department of Mmk at Stanford is well-known for its extensive 
A^ork iri computer-generated music. At the instructional evel, there 
Is also concern to make music printing available to students for use in 
composing and scholaHy writing. There is also use of r /sonal com- 
puters to Support the performance faculty and. their t aching duties. 
And it ^oes without saying a number of graduate students are involved 
"in the extensive work in computer-generated music. 

Schop! of Engineering 

Here is, a summary statement of tlic various ways in which the 
Engineering faculty are using personal computers for instructional pur- 
poses •; 

• Develop homework problems 

• Prepare and give demonstrations in class 

• Prepare lectures 

• Evaluate student computer .programs 

• Keep class records ' 

• Suppkment activities in the laboratory 
P^prm calculations ii;i tiie laboratory 

More generally, the School of En|rineerirtg has an intensive effort 
.now to 'sf>read the use of computing facilities throughout the faculty 
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-and- -Student population. The current rate of change is very high. Even 
■fivfe'-'veftrs d^o ther<i was ^ fairly lirrtited use of computers for instruc- 
tional purposes m Engin^erihig ; ten years from now it will be found 
■every wh©te in the curriculum. Here are a few topics either that have 
•beeh developed or plliinnied foip the immediate future by various faculty : 

• Qiassroom demonstration of microwave circuit design 

• Lecture demonstration of fractures of materials ., , 

• Interpretation of mass spectra 

• Ihteractive use of coibputers for decision making 

• Demonstrations of energy-policy models 

• Simulation of shock-tube experiments 

• Conuol laboratory experiments related to composite structures 

• Interfacing of computers to the operation of advanced sensors 

• Providing Simulation in thermal-science laboratory coursesi 

• Developing a computer-aided design facility for VLSI chips 

School of Business 

The Shool of Busines at Stanford is a Gr^uate School of Busi- 
ness. There are no unUergraduate students. The bulk of the students 
take an M.B.A. but there' is also a significant Ph. D. program. Here are 
some sample instructional uses that have been developed or 'are being 
developed by faculty : 

• Development of cas<^' studies of decision-making under uncertainty 

• Use of LOTUS 1—2—3 for sdmulation studies of pricing 

• Use of LOTUS 1—2-^ and ' other statistical routines to analyze 
personnel data 

•Introduction to Electronic Financial Reporting (to replace paper 
reports) , - . - 

• Use of LOTUS 1—2—3 to model corporate cash flow 

• Use of various programs for nonlinear time series analysis 

• (Statistical ariaiysJs of future prices and, in particular, appMca- 
tions to multi-asset hedging' strategies 

School ol Medidlnc 

There is already extensive use of computers as mentioned above 
for research in the School of Medicine. The current rapid change is in 
the use of computers also for instructional purposes. There are over 
400 medical students currently enrolled, an additional 160 advanced- 
degree candidates, and more than 450 post-dootoral scholars, as well 
as the regular faculty. As in the .case of previous schools, I list here a 
number of different projects, by brief desorljptive titles : 

• Use of personal eomiputenj in biostatisticad' analysis « 

• Use of large-scale medical data bases now on line 

, \* Teachlngf pharmacokinetics and pharmacodynamics by computer 
'"modeling 
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oTthe" h'^I^VsXo^^ computer-based model 

oV. reia^^^^^^^^^^^ health care 

a clmical data base and teaching^^e for est^ibliabmg 



School of Education 



^rmulation of exemplary teaching 
Ifevelopment of teacher profiles 



.School ol Earth Sciences 



; • Modeling of i?eoch*>mi^^ teaching projects : « 

• Simulation a^d m?"''''^^ thermodynamics 

• technS 0? saTimf ^T^^ 

• Dynan^, ^^"^f^^^ P-cessing ■ 
4. My Own Teaching Experience With CAI 

begari, they have c^n^; fi k ""^''^ ^'^^^ 20 years sfh^ ?h?S 

I thinii- fv,/* . <-ome to be used »«; i i i "^e those courses 

.~o„ ".^^.r^v'rz-t^/S.rr.::'^^^^^^^^^^ 
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I have of f thft regular course entitled "Introduction to Logzc" en- 
tirely, las a cjourse taught by computers. There are no lectures or quiz 
sections, aud all information is given to the student at a computer ter- 
minal, The course is offered each term three times, a year. We now 
have experience with thousands of students and I will try to give you 
some iCommenis about the course based on this experience. First, the 
Students reach a pass level with on-the-^average of 80 hours at the ter- 
minal, that is, each student has about 80 hours of connect time, but 
the standard deviation on this mean is very high. Secondly, the students 
take another 20 hours or so to do all of the work for an honor's grade. 
From the standpoint of th^ use of computers, there are important 
features a^ut a course like , logic. The most important is that we have 
great flexibility in handling student ^ responses. For example, when the 
students give logical arguments, derivations or proofs, their work is 
not matched against a stored ideal result. The program is organized to 
accept any valid argument or proof on the part of the student. Anyone 
vvith. any experience on these matters knows that it is a. mistake to have 
ope single format of response when logical arguments are being given 
nothing, can be more stifling to the imagination and inventiveness of 
students. We war^t to encourage problem-solving as an individualized 
activity in which many variant answers are all deemed correct. 

Another feature of great importance in the teaching of a course 
like logic is that the work is highly interactive. The screen of the 
terminal is not used as a page display on whic.i endless amounts of 
exposition without any , exercises to be done by the studsnt are shown. 
The course emp^asiz(»s a high level of interaction md makes available 
to the student a simple, easily used control language for making in- 
ferences. Here is an example where the student's input is underlined. 



Let me mention some additional features. Errors on the part of the 
student are corrected immediately with a message as to why the error 
is indeed an eri'or. It is easy to generate individual messages again tied 
to applications of specific rtlles of infercnco. 

Among the exercises in the logic course I like bQi>t thf exercises 
on the strategy of selecting axioms. It is often easy for students to 
derh'^d desired conclusions from given premises or theorems from given 
axioms,'ibut it is anotliw matter to understand how one should select 
axioms to do a certain job. We have a number of exercises labeled 
^^finding-pjciorfis exer ises'V Here the student is given list of*elemen- 
tai>y 'StMemerits ; for xfimple, let us say 15 Statements about the felemen- 
•tary geometricarro'a.ion of betweenness among; points. His problem is 
^. select no more jhan five, of the statements as 'axioms and th?n to 



(5) If x > 2z + then y>z^ + 10 



5,8 AA 



(8) x>2z + e2 

(9) y>z^^ 10 
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derive the rest in a seqtence of theorems. What Is important about this 
kind of exercise is giving the student expferiifeoDcfe in thinging through 
^;he strategy of what constitutes an appropl*late system for a ^iven set 
of statfefm^nts. In the case of the geometricSal betweenness, almost 
certainly the student cannot do this exercise by a purely syntactical 
approach. He must look at the geometrical meaning and sketch som^ 
elementary georii<5trical relati'd^ns in- order to organize his selection of 
Axioms;: . - 

I also want to stress the human aspects of the teaching that are 
important ; this comes in the form of teaching assistants. Teaching as- 
sistants do not give lectures or quiz sections and do not have the task 
of grading endless exercises ; for example, the rathei' tedibus-to-cor- 
rect ex^ircises on finding axioms. But 1;he teaching assistants are avail- 
able for students to ask questions artd to give help as appropriate on the 
various kinds of administrative and Other ' concerhs that continually 
occur as students make their way through the course. It may be that 
dn 20 or 50 years Wfe shall have such completely intelligent programs 
that we win not need' teaching assistailts, btlt ' I am skeptical that vi^e 
will be able to entirely do away witli teaching assistance for a long 
time where they can be available. On the other harid^ courses such 
the lojEfic course are sufficiently self-contained that, foi example, in 
distant learning or in many kinds of' adult learning which would take 
place in off-campus settings, for example, in the home, teaching assist- 
ants could bo dispensed with if necessary. I'-want to bo clear on this 
point. It is clearly advantageous to have teaching assistants and even 
In the case of distant learning, it may be desirable to hiive a telephone 
hotline for the student to get assistance when it is absolutely needed. 
All the same, the courses are sufficiently self-contained that if circum- 
stances required it the student could mak^ his way on his own. 

A naturfil question that arises in a course of the kind I am describ- 
ing is hov/ students feel about it in comparison to lecture courses. For- 
tunately in the case of the logic course, I have some interesting and 
significant data. The Department of Philosophy regularly offers a parallel 
lecture course giver by a junior member of the staff. I have looked at 
data recently for 15 terms and the comparative enrollments were as 
follows : 1,477 students in the computer-based coiirse versus 262 in the 
course being taught in the standard lecture format. This is a ratio of 
approximately 5.6:1 and testifies to the clear acceptability of this kind 
of computer-based teaching for standard undergraduate coursed. 

Axiomatic Set Theory 

Let me now turn to the seccdid course that I have taught in a 
similar fashion. The course in set theory has been offered on the same 
basis every term since 1974. The general features are the same as the 
logic course. I mention just those special features that differentiate it. 
First of all, it is a more advanced course and has a much smaller en** 
roUment. Ordinarily, the enrollment is abdut an oi'der of magnitude 
loss than of the logit? course. This means that the enrollment will nJm 
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from 6 to 15 students a term, In f«ict, it > ^r• is that it is really 
iQOUii«s Off this Jk^nd that wo should es;. noentrate on teaching 

by computer because ic is ojfpensive tp l^ave a ragyJar faculty member 
otfer a course to only six students. On the> other hand, t^e stand-up 
l«oturejr, looked at purely from a eoonomi<;' stannipoint, is a cheap teoh- 
^\>^y when the nurmber of students is well jover 100. 

The Sfii th^ry courses are oiiganized into a series of 650 theorems 
Because of the smali em\>llment, each student is given an individual set. 
of tljieorems to proye and, of course, just as in the case of the logic, 
e^h student's proois will be found to be different from any other 
students. Indeed, at this level of complexit-, we woyld naturally be 
deeply suspicious of any two students offering exactly the srame proofs 
for many of the theorems. i 

. Qf coi^rse, as I have emphasized, the proofs are, much mere oom- 
plicatefj in ,set theory because of its more advanced nature. The biggest 
intiellectuat effort has been put into developing a usable interactive 
theorem prov^r. We are able to prove the standard classical theorems 
In set theoj^y noivy^ but ,|here a^e ways in which we can certainly 
continue , to improve, I do think that our intera^itiv:^ theorem prwer 
is probably the most sophisticated oni? in the world being used on a 
regular basis by students wl)9,aare, not .programmers to prp;ve non-trivial 
theorems. ' . . 

Onb of the things to have a feense of is the eno^niotis variability in 
thte kinds of proofs that students offer., Here is a sm^ll sami^le of 1,000 
propfs. I, show the average length bf proofs and kujYuber of lines in the 
left-hand column, ' the average' of the n^inimum proofs, that is, we take^ 
the shtMest proof given by aliy student for d given theorem and now 
average those, data across theorems, and finally the corresponding aver- 
age maximum proof . ", ! 

AVG AVG 
MEAN MliN .. MAK 
l5.0 3.5 54,7 

Notice that the difference between the average minimum and the 
average maximum is more than an order of magnitude. 

I should mention that we make rogulat use of a resolution theorem 
prover,' which the atudent can call to go from onfe step to another. The 
student is given i ,. seconds of- machine time to run this theorem prover, 
.so one of the things that he must learn is what it can and cannot do. 
For example, it is not of any interest that the resolution theorem pmver 
is in principle complete, that is, gfiven enough time, it could prove any 
ftrst-oider logic inference that is vallii. What "is important is to get 
a sense of \vhat cail be done in a limited amount of time and with 
limited resour<ie» 6f the computer. Students become fairly good at cali- 
bratihg whdt to expect. ■ ■ ' , / 

'•1 , , , , ■ . ■ _ . ; 

i Differential ant) Integral Calculus 

In spite of my statenient ' that we should concentrate on courses 
with small enrollment, for a reason to be explained inia moment, our. 
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current effort is to produce a computer-'based course in the' differential 
an.^ integral calculus, the mathematics course m6st widely taught to 
(Undergraduates in American universities. TJie reason that we are de- 
Velopitig thife-j however,' 'l& to placfe it 'in 'high lichbbls where there are 
small niun^rs of very bright students who are prepared to take a 
substantial course iiV tJalculus, but there is not an appropriate - teaching 
faculty; In the United States more than in Europe, T should comment, 
the teaching of calculus is still currently mainly done at the under- 
grJwJuate level in the universities rathe** than in high schools. The main 
topic thirt we are addressing in the development of this course is 
exactly the feature stressed in the logic and set theory courses, namely, 
a stress on offering a' rich interactive structure to the student to do all 
the standard deductive work. 

In th^ case of the calculus course, there are special problems of 
.finding ihb right internal formalization ' for the informal language and 
inferences customarily used in the course. I will not t^y to .survey here 
the particular tetfhnical probWms SVe iire now wrestling with. I do want 
tO'saV that our objective, however, is t6 change the traditional notation 
as little ai^pbssiibfe and to offer a course tte is stahd'afd in appearance 
as far as the mAtheiriatital expressions g'o and the inference rules are 
close to what i^ to 'be found in a Standard texttoook. 

Oj?e importai^t jfeature is the extensive use Ojf sym'bolic calculations 
qf ' an ajgetoraic and calculus sort. There are now extensive programs,. 
€.g. tlBt)UC5n and rilACSYMlA, for making such computations for en- 
gineers an4 scientists ; our problem is to build a highly interactive 
symbolic calculator that students can use effectively in this course. The 
stress oh the interaction and the stress on the use by students mean 
that we must do a lot of things in a way that is different from the way 
things are done in REDUCE or MAOSYMA, but I shall not enter into 
the details here. ' . , 

I do want to mention that the striking difference found in the cal- 
culus course, when compared to the logic and set theory courses, is 
thfe ex?tensive use of graohics. Fortunately, we arc preparing this couarse 
at a time when good graphics are .available at a reasonaiWe price com- 

Eaued to a decade and a half ago, when we first began teachdng, logic 
y * computer. At that time, it would have been prohibitively expensive 
to offer students substantial graphic facilities* i 

A ulurc Progress Needed ; . i 

Let me close by mentioning three kreas in' which self-container^ 
courses at the university ieviel need richer and better facilities. 

,. First is the important pr<rt)iem of the processing of natural language. 
It is in certain ways a bit of a scandal that we still are so awtevv''ani^ 
in the processing of natural language in the use of computers. The 
problem is subtle and complicated, but within various limited contexts 
we- .are certainly on the Verge of making real progress, even if we do 
not solve the full range of processing difficulties. 
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Second, we need better and richer theorem provers and better and 
richer symbolic calculators. Here we can take a more optimistic view — the 
problem is a much more constrained one than that of processing natural 
language. We can anticipate having rich and powei-iul software tech- 
nology available for the teaching of a wide range of courses in mathe- 
niatics and science in the decade ahead, but progress is needed all tho 
same. The work mu-jt be done. I am optimistic that it will be. 

Tt^ij-d* I mention the psychqlogicaJ proWem of having better models 
of the student at work proving a theorem, solviiig H broblerti, or writing 
a coherent and clear essay. "Hfe-re the software tecfmdlogy' Is much moi-e 
primitive but there is reason to be hopeful that progress can be made 
in ways that will be helpful, even if deeper problems of understanding 
the relevant cognitive structures, will elude un for «om^ ime to come. 
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Tm US)p OF TH^i PERSONAL COMPUTER IN EDUCATION 
AT TPP UNIVERSITY OF BUCKING^^ 

^JohnE.GAhLETLY i 
University of Buckingham^ England 

Introduction 

• This paper ctescribfes the use of the personal computer in imdergrad- 
uate ieducati^n at the University of feuokifigh^m, England. The main 
part of the paper is concerned with its use in Computer Science, the 
author*s subject, but other p-arts of the paper deal with its use in other 
disciplines. 

Background 

To set the scene, perhaps sonie information about the University is 
in order. BU)ckingham is the only university in the United Kingdom 
receiving no direct funding from government sources. The University 
receives its income from fee-paying students, and from donations and 
gifts from various persons, companies and charitable foimdations. 

Another feature unique to Buckingham is the length of the degree 
programme. This is two years and not the usual (in the case of the 
United Kingdom, at least) three or four years. This is achieved by 
having four ten week terms per year. The Computer Science course 
comprises two thirds Computer Science and one third an option chosen 
from Accountancy, Business Studies, Economics, Biology, Mathemat cs 
or French. 



The Use of Personal Computers \ 

The Computer Science course at Buckingham makes full use of the 
personal computer, recognising the fact that the modern computer scien- 
tist needs to be equally at home with both small and large computer 
systems — the smallest and largest businesses are using personal 
computers. 

Moreover, the wealth of software impkmentod and being imple- 
mented on personal computers has opened the door to a wide-ranging 
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nvmber of packages and programming languages for student access in 
a way which was not possible in the days of mainframe computing Not 
only are 'the traditional software packages and languages being imple-^ 
mented on personal computers but also newer systems are being imple- 
mented, in some cases long before appearing on the larger computers, 
ims IS a decided plus in our opinion. There are number of courses in 
our degree .progmmme which would not have been realistic, at least 
ractical part, without this availability of software. 
Another advantage of the personal computer, particularly for 
h-ckingham with its novel funding situation, is the cost factor A small 
institution IS able to provide a quite acceptable level of computing 
resources via the personial computer costing a few hundreds of pounds 
mstead of having to invest in the traditional and costly mainframe 
computer. . 

However, there are a few areas of concern with the use of the 
personal comput^. One problem arises from their popularity, usefulness 
and pojtabihty. There needs to be some kind of security system which 
prevents the personal computers migrating fr Jm the laboratory. AnotJher 
protolem is the provision of a back-up system for the personal computer's 
OA n7K^^ u t^ve several personal computers which have individual 
Mbyte hsd-d disk unit* Students are encouraged to take copies of 
tlieir own software on flonpy disks as a precaution against the Itoss 
of the hard disk filestore. With hindsight, a netv/ork of personal com- 
puters with a central file server and tape streamer may have been more 
convenient. 



Computing Re;,ources 

The computing facility at Buckingham presently comprises a 
computer Science computer laboratory and computer laboratory' for the 
S)Chool of Accountancy, Business and Economics. \ 
f, ,T*^f pomputer Science laboratory was set up in January 1986 for tlic 
lirst intalce of Computer Science students. It houses a growing range of 
com-puter equipment - a High Level Hardware Orion [11 super-mini- 
computer, an ICL Perq [2] minicomputer, seven Olivetti M24 \3] pr. 
compatibles with hard disks, five Atari 1040ST [A] mlciocomputevan 
Acorn Master [5] microcomputfr. a Commodore Amiga II [6] microcom- 
puter «nd an Apple Macintosh Plus [7] microcomputer. All of the 
microcomputers are linked by serial RS232 connections to the Orion 
minicomputer, wliich is the University's Unix [8] facility. So, the micro-- 
computers may be aised as ordinarv terminals hnked to the Orion 
using the Kermit [9] terminal emulation package) or as stand-alone 
mtelhgent terminals, as required. This, then, is another attraction of 
the personal computer - it fulfills a duai role. , attraction ot 

C^omputer Science staff at Buckingham believe that the student 
i exposure not to just one type of computer but also to 

bu^'fl n thl ' T'^ ^''P"^^' "^'''^f ^" ^^'"^^ °f hardware, 

but also the software environment. This standpoint, of course, means 
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constantly upgrading the resources as new compoiters are broujght on to 
the market. So, the Computer ScienW;. staff are currently evaliiating 
the new IBM PSfZ [101 series ar,d the Acorn Archimedes (RISC archi- 
tecture) personal computers with a view of adding them to tne collection. 

Apart from the microcomputers, there are several portable printers 
and plotters available in the laboratory for tlio students: to prepare a 
hard copy listing. Such devices are attractively priced for the personal 
computer market. Students , are encouraged to . produce solutions to 
prescribed work, including essays., on the personaLcomputers. This service 
as, again, only available because of the attractive cost factors which 
accrue with personal computers. In addition, the Macintosh provides 
a word processing facility par excellence. The Macintosh runs the TEX 
[11] text processing package and a laser printer is available for the 
production of high quality documents. 

Of the personal computers in the Computer Science laboratory, tlie 
Olivetti PCs, running MS-DOS, [12] are, by, far, the most widely used 
in the Computer Science degree programme. Their usefulness to our 
coUrse and, even, our dependency on them, will be amply illustrated 
later in this paper. Some use is made of tlie other types of personal 
computer in other parts of the degree programme. 

The School of Accountancy, Business and Economics computer 
laibpratory was set up in 1983 and comprises two Cormrt CP500 [13] 
microcomputers, running Comart^s version of multiuser PP/M [14]. The 
OP500s each support fiv^ tenpnals ^nd a, printer. 

Personal Computers in the Computer Science Course 

The first term at Buckingham involves the teaching of Structured 
Programming and /ntrociuctio7i to Operating Systems. Both these courses 
use the Olivetti PCs. The programming cl. rse utilises Turoo-Pascal [16]. 
This package has proved to be a very popular and usable system which 
is well-suited to the beginner, although it (floes have various inadequacies, 
mainly due to iis non-ISO Pascal nature. > 

The operating systems course uses MS-DOS as its basis and the 
structure and facilities of an operating system are described with this 
as a model, at least initially. The student thus learns the details of an 
operating system which he/she will use for the rest of the degree pro - 
gramme. Moreover, by using the operating system of a personal 
computer, as a test-bed, the student is unable to harm other students 
if he/she crashes the sysjtem whilst investigating the inner workings, 
dimagine the result on a mainframe computer ! The study of an operating 
system on a personal computer is likely to be extended with the more 
sophisticated operating systems such as Xinu [16] or Minix, [17] now 
available for PCs. Those packages were specifically designed for the 
teaching cnvironm mt and allow the inner workings of operating systems 
to be closely investigated. 

The following term curries on from the programming course with a 
Dat(i Structures course. This course again makes full use of Turbu-Ptiscal. 
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The third t^m includes courses on Software Engineering and A 
i>urvey of Programming languages. The software engineering toui-se is 
taught using the programming language Modula'2 as a specification 
and implementation language. The availability of Modula-2 ' compilers 
for peraonal computers (in our case, v,e use the Logitech [18] version) 
really facilitates the practical aspects of the course. The students ^re 
able to practice what the lecturer preaches ! The recent availability of 
software packages for PCs which allow the production of dataflow 
diagrams and structure charts will great] ./ enhance courses such as thir. 

•■ The programming language course includes a discussion of LISP 
and Ada — two very important languages for different reasons. In the 
case of Ada, mainframe implementations' are very few and far between, 
and very expensive. However, a subset Ada compiler, called Janus, [19] 
exists for the Olivetti PC at a very reasonable price. So our students 
are able to gain first-hand experience with this inoreasmgly important 
language. For LISP practical, a version in the public domain in used. 
True, not much documentation or technical help is available, but, as 
the course is only a survey, this is enough. 

The next term has the course^ X|atabaie6v ^wnan Computer Interface 
WCI), Assembly Language and Machine Architecture (ALACA) and 
Occam and . the Transputer [19]. The database course introduces the 
theory and practice of databases via the dBASE-II [21] database man - 
agemeni package, before progressing to more sophisticated database 
packages on Unix. 

The HCI course uses many of the microcomputers available in the 
laboratory. The colour graphics of the Olivcttls ahd Amiga, WIMP inter- 
faces^on the Ataris, and the smooth professionalism of the Macintosh 
interface are just some of the environments available for teaching. 
Indeed, another big plus in favour of the personal computer not 
mentioned above is the graphics facility which many possess. Such :i 
feature would previously only be found on an expensive mainframe 
graphics workstatioim. 

The ALACA course, at present, uses the personal computers to 
prepare NS32000 assembly language programs to' down load to a National 
Semiconductor [22] NSV3201() development system. However, plans aro 
afoot to upgrade the Olivetti PCs with National Semiconductor SYS32/20 
add-bourds to run Unix. This^ package contains assemblers and compilers 
which means that all the software development can be pej-fnrmed on 
the Olivetti PC, making full use of its filestore, and then a binary pro- 
gram file can be loaded into the add-on board's iV5.?20.92 - processor for 
execution. 

The Occam and the Transputer course is a new one. The Transputer 
is an exciting new development in computer architecture. It will give 
the students insight into coTicurrency and tightly-coupled computer 
communication. We arc intending to base this course around Inmos's 
IMS D701 add-on boartl for the Olivetti PC. This is a full transputer 
development system and contains the necessary editor and compiler to 
produce (3ccam code and ri n it on the add-on board's Transputer. The 
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course will also make use of an Occam emulation package for the 01iv(itti 
PC developed at Buckingham as a final-year undergriaduate project [23]. 
This software package will compile and emulate a large subset of the 
Occam II language on the personal computer. 

The eighth term includes a course on Artificial Intelligence and 
Expert Systems. The course proposes to use demonstration shells, such 
as Experteach [24], available for personal computers to demostrate for- 
wari and backwaixi-chaining principles in the construction of expert 
systems. 

The mathematical orientated courses in the Computer Science pro- 
gramme such as Discrete Matiiematics, Analysis of Algorithms, Math- 
ematical Models of Computation and lnform/),tion Theory, do not, at 
present, mak« use of the personal computer, V>ut there are plans to do 
so in the near fojiture. For example, the Discrete Mathematics course may 
introduce a package for the plotting of functions whilst a Turing 
machine simulation is being thought about for the Mathematical Foun- 
dations of Programming course. 

Personal Computei^ in Other Courses \ 

Besides Computer Science, the other degrte programmes which 
make most use of the personal computer are Accounlarjicy, Business, 
Economics and Biology. 

Students in all of these programmes have a Statistical Methods 
course in which the practical aspects of statistics are taught on the 
Olivetti PCs using the Minitah [25] statistical package. Thus the students 
are able to investigate such statistical ideas and techniques as means, 
standard deviations, histograms, regressions, t-tests, co»*relations and 
analyses of variances. 

Besides the statistics course, the Business students have a number 
of other courses in which computing plays a prominent role. Thus, 
Introduction to Computing uses the Wordstar [26] word processing 
package and thp dBASE-II database package. Introduction to Business 
uses the Lotus 1-2-3 [27] spreadsheet package. Business Modelling uses 
the Su^rcalc [28] spreadsheet package and. Operations Research uses 
the Xpress-LP [29] linear modelling package. 

The students in Accountancy, Business axid Economics also make 
use of various study guides available on the Olivetti PCs. Thus, the 
students have revision practice available in Contemporary Managemerit 
[30], Management Applications [31] and Economics [32]. 

Professional bodies arc learning the importance of graduates being 
competent in the use of computers. A recent report in the Times Higher 
Edimitional Supplement (14.8,87) commented that the Chartered Institute 
of Management Accountants were worried that, within the United 
Kingdom, accountancy graduates were not receiving enough computing 
education. Vv^e hope at Buckingham to redress this imbalance. 

Biology students have an Introdu ction to Computing course in 
which thay use the BASIC language to study various biological models* 
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They may optionally go an to take a Compwtatioml Biology course 
again based on the personal computer. 

Other subject areias are becoming increasingly aware of the 
power and utility of the availaible personal computer. For example, the 
English as a Foreign Language ffJFL/ programme runs a word processing 
class as part of the introduction to technological English, whilst the 
IVenoh puogramme makes use of a Computer Assisted Language Learning 
(CALL) package on the Acorn Master. ■ 

Conclusion 

The paper has shown how the advent of the personal computer has 
helped the \jmdeograduate degree programme at the University of 
Buckingham. Personal comiputers are used in a number of courses and 
this trend will continue. Some thought is being given to a Corrvputer 
Literoxyy course which would be available to any student in the Uni- 
versity. Buckingham realises the importance of every graduate being 
computer literate. Suffice it to say, this course wiU be based around 
the personal computer. 
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END USER COMPUTING — A CHALLENGE 
FOR U^^IIVEBI^ITY ORGANIZATION 

Peter BAUMGARTNER and Sabine PAYR 

Research Institute for Distance Education^ Klagenfurt^ Austria 

1* Introduction 

By means of this case study, concerning computer introduction in 
our own irlstitution, we want to look into a number of questions of 
si>ecial interest in the context of the introduction and use of information 
technologies : 

— The corudiitions for decentralized use of compaiter technology ; 

— The social and organizational impacts of computer introduction ; 

— The role and methods of training. 

Being based on experiences and discussions on the subject of 
computer introiiuction as well as on a research on ooroputer tnainim^^ 
the case study is a practical approach to the key question whether the 
use pti computers opens possibilities for less centr'alized ([i^ision maiding, 

2. The Structure on the IFF 
2*1. Goals and Tasks 

The IFF ^ was founded in 1979 by initiative of the Austrian Ministry 
of Science and Resjarcb. Its creation met the interests of parts of the 
Austrian universities confronted with new problems, such as : 

a) more contact with social prblems and therefore the need for 
corresponding new didactics ; 

b) facilitati j university access to realize equality of oppoa'tunities 
as an aim of socia'l-democr'atic politics. 

The basic idea of the IFF is to promote the universities' activities in 
the field of scientific adult education. The development of pedagogics 
matching the specific situation and experience of adults is its constant 

* InterunlversiiUires Forsohungsinstitut fiir Fernstudlen ; Research Institute for. 
Distance Education* i 
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coru^rn. The IFF can be best described by its methodological and didac- 
tic innovative efforts in rteachin/? and .research, such as : 

— social leiarning 

— problem-oriented learning 

— interdisciplinary learning and research 

— combination of education and research 
(HEINTEL, 1980 ; cf. also Perspektiven 1, 1980) , 

The specific objects and conceptions explain the particular organ- 
izational structures of the IFF <Fig. r: Structure of the IFF). They ca.i 
nrTlt'^ compared with traditional university organization mainly 
T^i°" J^^ realization of regular studies and supplementary research 
ihe IFF IS langedy independent in its administration and research actw- 
ities. It IS a re atively small university institution, employing not more 
lll^^^K^^ P^'"^"' altogether, but highly diversified finder at S 
three aspects : geographical, functional, and personal. 

2.2, The Geographical Aspect 

The IFF is a decern! I'alizeid institutim consisting of seven relatively 

/^^PnTiT tT-' f-} r ^ head office in Klagenfurt 
(Carmthia) Its institutional form was chosen to guarantee proxiraity 

???T^>?^''^^°'' universities, eight of which, are membere of 

m IFF and r€^>resented in ats boarxJ. 

_ The research departm<;hts and study centres are thus spread from 

wfth^'lFP !fnU" i'*^'^"^ I?^ ^^'S. 2 : Map of Austria 

Zut- T l'""^" "'""^'■y ^"^h as Austria, distances do not 

S « 5^"" """^^ ^'"^^ for transport, especially 

Sf ^m^ Alps, makes any meeting an effort cutting deeply into the 
tifwi!?"?^ °^ par-ticipants for their work at home^n this sHuation! 
n^uI^Tenough"°^'*^ efficient communication by new technologies seems 

2.3. The Functional Aspects 

From the beiginning, the IFF has been active in research as well as 
in education (cf. BUOtllNGBR et al., 1987). The permanent tasks in the 
field of education are : 

— Implementation of the regular distance studios of German Federal 
Fernuniversitat Hagen in Austria. Three of the departments are — at 
varioois degrees — involved in these study schemes ; 

— Implementation of programmes of further education especially 
for teachers ■ (diaactics of different subjects, didactics of political edu- 
cation) developed by the institute. 1 

Research activities concern, on the one hand, evaluation and improve- 
ment of these progranimes and, on the other hand, the development, 
of new programmes for further education. These programmes aim at new 
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target grdups as well as at new did .ctic conceptions, mostly taking up 
topics o(f acute social interest, far example ; 

— Health education 

— Peace and ecology research and education 

— Social conditions of technological development 

~ Role of education in the development of peripheral regions. 

' The different activities are neither clearly attributed to the various 
departments nor distributed equally among them. Therefore, each unit 
has Its own priorities arid its own specific character — from the (almost) 
pure study centre tci the {almost) pure research centre. 

2.4. The Personal Aspect , 

This multitude of activities, including the whole range of organi- 
zational tasks, is taken in charge by a relatively small staff. Th3 main 
distinction among staff mem/bers is of course the distinction between 
scientific staff and administrative staff. 

The diversification of activities means that hardly two perspns in 
the whole institution have the same tasks and competences. The work 
of the scientists combines various management tasks , andi resear'-h 
activities with very different priorities. 

3. The Process of Computer Introduction i 
3.1. The Setting of the Scene 

The wish for the introduction of computer technology had been put 
forward for over a year by several persons and groups with various 
mtensity and intentions. Several departments or even individuals had 
tried to get computer^on their own. The task of finding a way tlirough the 
vast and confusing hardware and software markets turned out to be too 
demanding for people confronted for the first time with new develop- 
ments in cdmptiter technology ~ general experiences with data pro- 
<»ssang (e.g. with big uni\ersity computer centres) were of (pracMcally 
no use when negotiating about personal computers. Besides, organiza- 
t'on^l requirements and effects as well .as the need for training wore 
not taken into account. The responsible ministry thus demanded a 
reasonable, and consistent plan for computer introduction to grant the 
necessary budget. 

l2. The Conception of Computer Introduction 

The plan for computer introduction is based on the idea that the 

transition into the "age. of the .computer" should be carried out step 

by step; .. , , • ^ 

; 1. Simple personal computers for training and first practice which 
will finally be used mainly, in educfltkm- and study programmes. 
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2. Performant personal computers (workstations) for adminUtrative 
and research work, together with MODEIMs (cf . fig. 2). 

3. Networks, first on a local level (LAN «« Local Area Networks) 
with a gateway for future connection to public networks as offered by 
the Austrian Post and Telecommunication Authorities ' (WAN Wide 
Area Network) (BAUMGARTNER, 1986, p. 6 ff.). 

In the first stage, computer application is thus concentrated on 
local use and local requirements. The implementation integrating 
technol^ogies (i.e. communication by public services, use of puiblic or 
university data bases, local area networks LAN) is postponed until the 
moment where the isolate PC (ian be considered as virell integrated in 
the department's structure and the organizational complexity of new 
systems can be mastered by the staff. Only the individual use of uni- 
versity computers by telephone service (MODEM) is taken into account, 
but this application concerns exclusively individual research workers 
and has no effo/rt on the department's or the institute's organization. 

The conc€iption of computer introduction is thus not based on 
technical feasibility, but on actual requirements. Therefore, each phase 
is variable : new requirements can be satisfied by improvement of the 
tefchnital equipment, but the plan can also be stopped at , each stage* 

3.3; Expectations and Conflicts 

The conception was, in its rough outlines, welcomed by most of the 
staff as a useful instrument to get computers immediately. However, 
the background of the wish for cbmputers turned out to be extremely 
varied. Multiple different — and conflicting — expectations were asso- 
ciated with one and the same technical equipment, for instance : 

— Implementation of courses in programming and of introductory 
computer courses in the framework of different curricula and research 
programmes. This priority is put forward mainly by the study centres- 

— More eflficient administration. This is a priority fcrmiulated by all 
the groups involved, yet with quite different intentions : while the scien- 
tific personnel have in mind the future extension of their activities, the 
secretaries hope to accomplish more efficiently their already extensive 
work load, and the government authorities welcome the possibility of 
important economies (e.g. jobs in administration, cost of publications). 

— Statistics foi social res^^arch (e.^;. SPSS). In this case, the wish 
of individual scientisits for a literally "personal" computer may be 
in contI^adiction with the idea of a "workstation" (cf. MEISSNER, 1985) 
integrated in a scheme of organizational development. 

— Financial management and control, e.g. of research programmes. 
This podnt is stress<^ by the central administration, but equally by the 
ministry supervisin^jj the IFF. The possible conflict resides in the con- 
tradiction between the wish for improved supervision and control and 
the wish to safeguard autonomy. I 

— Telecomiuunication from data transfer to teleconferences. The 
head office considers computer technology as an instrument for improv- 
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Ing ' comiimnlcation between the departments, and the head ofl.ce in 
order to increase integration — or . prevent disintegration. Most of the 
departments a^emaln ia<;ilfferent or even sceptical towards telecommuni- 
cation, regarded more as a kind of ^^high-tech plaything" than as a 
useful instrument. 

In general, the expectations could not be defined very clearly before 
computers were really available. The introduction of computer technol- 
ogy is a process where, with, increasing practical experience, realistic 
reciuirements have to be developed out of exaggerated wishes and 
other new requirj^ments turn up., 

4. The Challenge of End User Computing 

The Conc£^pt of End Vsex Computing (EUC> 

The basic idea of organizational development in the context of 
computer application is the effort to put into pmctioe a vialbie concept 
of End User Computing. ' 

The introduction of independent, highly performant Workstations 
and the possibility to coratoine them on the local level (LAN) and to 
connect them by the use of public lines for data transfer creates com- 
pletely new ^ructures of information ilow, communication, and decision 
makingii , ♦ 

End User Computing is already technically possible and a realistic 
idea from the ecoriomic "tJoint of view, given the constantly falling prices 
of hardware. However, its consequences for organlziatibhal structures are 
hardly explored even by high-tech firms. The fact that IBM finances a 
2 million $ research programme entitled ^'Management /in the 90iec — 
New Responslibilities in a Modified Context" to find out more about 
these changes shows well enough the interest of the question (Fig. 3 : 
Management the 90ies). 

4.2. New Competences versus Traditional Hierarchies 
4.2.1. I /S Management 

End User Com^puting is ba^ed on the idea that new information 
technologies transfer information and competences of deci^on making 
to the end users; Communication and exchange of information will be 
possible among them and with all other levels, making possible new 
iCortns of cooperaition, such as team work, coaching, or Joi> rotation (cf . 
BAUMGAfifTNER/MORITZ/WORlJlCZEK, 1986). Thus, the traditional 
role of mana,^ment hierarchies functioning as information filters ^md 
canals is radically called into question, while end user computing requires 
specific management structures : the so-called information system (I/S) 
management (RUHSEFIT, 1&86). 
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' The role of the I/S managennent is to fHi'omote labour organization, 
information f low^ and decision making based on information technologies, 
to guide lin« man»ageinent in its new tasks, to plan the acquisition of 
haid- and software, its integration in the organization^ and training. 

4.2.2. Possible Changes in Labour Division > \, 

The shift of competences and the change of organizational struc- 
tures start almost from the moment the computer is put to work. 

Text processing, for instance, seems to be the most inconspicuous 
application of the computer : it is nothing but — so we think — a 
modernized form of typewriting. However, complex text processing 
software offers possibilities far beyond the t&sks of the mere typist: 
footnotes, table of contents, registers, and bibliography can be created 
and managed while editing and formatting the texti Does thisijncan 
that fully trained secretaries can talte over the whole task of creating 
the layout for' e.g. a scientific publication, or that scientMii) workers 
edit their articles themselves? It is obvious that usual fomis of l^toour 
division will have to be discussed and modified. 

There is a second iQvel pn.^ which the changes bw)ugbt aibout by text 
proce$;^ing have to be considered. The more recent development of sof t-^ 
ware for deskto^p publisjiing makes it pos^iible for the administrative 
personnel to perform work processes formerly transf ered to externaj. 
publishers, typesetters and printing shops. By subsuming the more 
demanding and J3[^>re qualified work under the same name of "typing'^ 
it becomes possible for th^e management to maximize economies — r to 
the disadvantage, of the secretaries. ^ 

4.2.3. The Master Users i • 

Thq new function of the "masfter users'* is another example for the 
radical change of organizational structures, entailed by the introdiuction 
of computer technology. The master users are responsible for data 
security and data protection^ docun^entation and infoftnation^ e.g. .with 
regard to new software or the organization of hrird disks and multi user 
systems, and they often provide technical assistance, too. In bigger 
firms and data processing centres, these new functions lead to the 
creation 6f new professions (e.g. opeJ^ators). This implies that endkiser 
depend s*ro«gly on the availability of the computer experts and that 
the esrecution of Work i& frequently distubbed by the necessity to wait 
for the master user in any case of trouble. E^npirical studies reveal 
thdt ikiterruptlolis aaud malfunctions play an ihiportant role in the low 
degree of acc^ip^c^' of information technclogl^ (MULLER-BOLING, 

mi). 

In the case of the IFF, the master users are. designed among the 
administrative staff — the end users. It is important to add that they 
itart, at the begirifiing of computer implementation, from the same lev^l 
as the re&t of the personnel : as (almost) absolute beginners* Gradually, 
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they should assume the responsibility for all organizational matters 
concerning the computer, acting afs a link between the head office and 
their department, whereas external assistance is available for technical 
problems. 

The idea of transferring the qualification and function of the master 
users to the end users is an experiment, Its results are as yet not 
wholly satisfying. The introduction of the concept of master user there- 
fore means the creation o* a completely new qualification. It causes 
fears as well as competition : the role of master user is perceived as 
a new level in hierarchy eventually concentrating information and 
power. On the other hand, the taking over of these new tasks was 
refused as supplementary work. 

This resistance underlines the problems rigid orgaluzations such as 
universities will meet inevitably when new qualifications and com- 
petences grow out of the application of new technologies. They are — 
at least in Austria — not reflected by corresponding rise in position 
and pay, the salary of administrative workers being strictly bound to 
school certificates. The fatal consequence of these traditional schemes 
could be that qualified administrative workers leave university for 
better paid jobs^. It seems important to stress this point, because the 
question of remuneration is often understimated as a factor of accept- 
ance of new technologies. 

The problems mentioned above are only a small part of the contro- 
versies in the context of computer introduction. Not all of the px oblems 
are raised directly by the presence of the cx)mputer, but originate in 
the organization 'structure of th^ IFF in particular and of univer^ties 
in general, 

The fact that these questions arc brought up now as deriving from 
the computer shows that the new technology serves as a catalyst for 
organizational problems. 

4.3« A Forum for Cdnflicts 

For some years, sociological studies have, already pointed out that, 
if; different interests are to be considered and the conflicts inevitably 
arising from them are to be settled, it is necessary to create appropriate 
platforms. 

Kubicek calls this the necessity of a ^'dialogue free of domhiation*^ 
<KUBIOEK, 1979, p. 38 ff.), replacing the * '(technocratic S(yiution'\ While, 
m the technocratic solution » a team of experts design a system, defining 
tfoe interest acting for the persons concerned, the **discoursive*' or 
*^dialogic'' solution gives the persons concerned the possiblity to put for- 
ward their interests themselves, either dii^ctly or by delegates. 

The IFF has established internal democratic bodies where all 
groups of staff — professors, lecturers, and secretaries — are represented. 



'-^ This problem i$ somewhat similar to th<i difficultios uwivensities have to 
keep experts hi«tily demanded and well paid by iiiduntry, p.k. ^traduate onirlneei^. 
However, academic personnel have many more possibilities of fiupplomentary in- 
come (coasultitt^pf etc.) to connpenRnto th(» salaries granted by univei^ities, than 
secretaries. 
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These bodies ^re »effective plMforms for formulating and settling con- 
flicts »t)if interests, even if it cannot be denied that the possitolittes ol 
communication and hence of forming a homogenous group of intereb' 
are far greater on the side of the academic personnel. However, these 
bodies are riot officially recognized by the authorities. The gap between 
"offioi^aJi" land **inofficial'* representation is, in itself, a source of con- 
flicts. • ^ 

Universities, -just like any bureaucratic (Organization, do not dispose 
of the platforms needed for this dialogue. The road to discoursivo 
solutions is barred unless major changes in university organization (modi- 
fication of laws, dissolution of hierarchic structures) are made. 

4*4. Tl^e Need for New Training Concepts 

After what' has been said about the competences of users in the 
framework of end user computing, it seems logical that training not 
only plays a very important role but has to be adapted Ijo the netv 
concept in its contents as^ well as in its methods (cf. PAYR, 1986). 

Training must not be, limited as it is quite too often — to the 
application of one or more software packages for special uses e.g. text 
processing, mailing, or data input. This type of trciining transfers only 
the competence df executing efficiently the traditionally isolated activities 
to the olfice workers, reserving all decisions concerning thp organization 
of "computing to 'chc management and to consultants, progrartimers etc, 

Training for End User Computing, however, has to. transfer knowl- 
edge traditionally concentrated in special departments to ti^c users. The 
following example of d^la base management will illustrate the trauiing 
concepts developed and tested in the framework of a research programme 
carried out by the Il^F and put into praqtice — among others in the 
institute itself 

Making Software Transparent i . 

The use of dBase III, a data base management software equipped 
with a performant higher programming language, made it possible to 
put forward the question whether and to what degree office workers 
without special computing knowledge are able to solve practical data 
processing pr6blems using standard software, and what forms of train- 
ing can help them to perceive, understand, and, if necessary, modifv 
the structure of the software (in cooperation with experts). 

The developmetit of data base structures according to the specific 
needs of the enterprise or institution serves as a practical experience 
for learning about organizational and social impacts of the computer. 
The knowledge of data base and programme structures gives a feeling 
of dominating the computer infetead of being dominated by the machine. 



^ The reseoiich programme "Users Programmtn^j D«tji baf^e Monflgemi^nl*' is car * 
ried out by n t^-am of 3 scientists (Wiilter Kacirek, Wllhelm Lind<*r. Sabine Payr) 
and coochfKl by Fetor Bnumgartnrr (iFF/Univorsiiy of Klngenfurt). II is part of 
an iiiternationnl research programme ontlth^d "Learning of Critical Computer 
Comipelencojj*'. 
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The vast empiric studies carried- out by Milller-Boling (MULLER- 
BOLING, 1986, p. 153—166) sliow that the restricted margin of decision, 
complicated handling, and the representation of data on the screen not 
relevant for the actual task, are important factors reducing acceptance. 
The users know "better than any expert what sort of information they 
ne^i These are precisely the 'points where the courses can offer im- 
provements. ' - 

Of coTirse, the courses "do not have the purpose to make fully trained 
programmers and system 'analyzers out of secretaries, but they should 
help users to : I 

ia) define their stand .^.s, for good programmes, and not to accept 
available s.oftware passively and without criticizing it. (In one of the 
institutes supervised by^, the, research programme,, the training made 
It possil^le f or the them to formuliate very specific software requirements 
for the, ^rreation of a data base of Austrian emigrants during fascism 
carried ovit by a professional progi'ammer) j 

b) make them less dependent on experts and data processing 
centres. .i(«Another institution is now able to manage its stock of^ about 
5000 addresses' itself, making important economies as compai'cd to the 
previous contract- with a computer centre : 300 000 — OS 'per year vs. 
100000. — OS once for the course and the hardware, with no need for 
additional personnel ; : ' 

c) get a qualification highly superior to the handling of a special- 
ized programme. These quaUfications are better demonded on the labour 
market and make it possible to improve jab position. This is especially 
important because tiie value of first education (school,' university) is 
Constantly diminished by the accelerated technological development ; 

d) ' acquire coriipetences not limited to the hdndling of a machine (and 
thus only of small use), but including knowledge about the organiza- 
tional impacts of the computer. The necessity of formalization and stan- 
daSi^riization of data sitiiictures, being thoroughly discussed and 
experienced is not perceived as a constraint imposed from outside and 
thus better acceipted, dlso because users learn how to modify them if 
need should be. 

At present, we are already able to say that the training scheme 
developed in the framework of the research programme is especially 
useful for the implementation of personul c-omputers in small and mn- 
dium-size enterprises as well as in decentralized institutions It could 
be interesting to add that the positive effects did not fully show In the 
case of the IFF itself. We suppose that there are mainly two reasons 
for this phenomenon : 

1. The expectation of users' participation must not be exaggerated 
(cf. MUller-Bbling's results : only less than half of the users really 
wish to participate) (MOLLER-BOLING, 1386, p. 156—157). 



* At the time of thiS revised edition of the article, the research pioje^-t 
mentioned above Is terminated. A number of final reflections on this conceiJt. 
of computer training are summarized In PAYR/3BAUMGARTNER, 1987, , 
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2. The close connection between training, and rjonsulting calls for 
the authority of an external team of trainers* 

4.S« Tho Technological Traps and Handicaps 



The question of submission to or domination of the new technol- 
ogies has to be asked not only on the level of individuals, but also for the 
whole institution. It is, basically, .he question which principles and 
which social interests influence the technological development. 

Mainframes and centralized data processing still prevail in larger 
institutions and enterprises, mainly out of the simple reason that auto- 
mation there started before the age of performant personal computers. 
The age of the mainffames is sometimes oompare'd with the beginning 
of industrialisation, when all machines of a factory were' txranched to 
the same t>ower supply by complicated but not very efficient trans- 
mlsion (cf. BUSOH, lOSB). Just as the. central power plant was replaced 
by decentralized engines, central data processing could he substituted 
by End User Computing on the level of departments or even individual 
workers. Of course, this process could lead to radical changes of pfewer 
structures in enterprises. Therefore transnational corpor^ations try to 
hinder a possible democratizing influence of decentralized computer use 
promoted by the price revolution of hardware (cf. IBM's conservative 
price policy with high prices per software unit instead of licences for 
enterprises) (BOHNHORST, 1987). 

Data communication software, for instance, was first developed and 
used to link terminals to a mainframe. Tlie software adapted for per- 
sonal computers still reflects centralized and hierarchic data processing 
structures to such degree that the very concept of ^communication*' 
appears as a euphemism ; the partners have to take the roles oJ 
"masters'* and "slaves", where the "master" is able to use the "slave's " 
computer as if it were his own. 

There are as yet no experiences and no standard f^oftware packages 
corresponding to the new requirempnts of communication on an equal 
level. On the other hand, not all that is technically possible should be 
done : in the case of wide area networks (WAN), the question "What 
do we have to tell each other" must be asked before the question "how 
to tell It". 

For tho time being, the use of a public mailbox service by the 
different departments is preferable to the direct communication, last not 
least because of tho facilities offered for their public relations ^tivitios 
(e.g. press releases by telex). . 

5* Conclusions 

Although the introduction of computer technology at the IFF is a 
small project from tho point of view of tho hardware, its organizational 
and soitwarc aspects turn thus out to be all but negligible. 

Resuming the case study, a series of general conditions can be for- 
mulated for democratic use of computer technology : 

— New technologies do not have, in themselves, a decentralizing 
or democratizing (effect. Indeed, the actual development of new soft- 
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wacfi, tod,haidware anci the marki&t-situation -rather point to the op- 
posite direction. | ; ! i I 

1 — The intrpdi^tion of t^hnologies ils a gradual process re- 
qu^ing a high i^egnee of organi±atibna,l fle^clWity and appropriate plat- 
forriis for d^logijie ^nd conflict sbtlement.. ] f 
anJ,i;^>!*^n"f i'^^'^y anc^J4bovr or45»niWi!on iiave to be flexible 
enopgh to f*llov( the changes ^n jquahficatlon, communication structures, 
and; comp$it«fnces brought on by Eii^ Uf er^iOanputiag. 
+ °* iS-awmg have ,%cir§e developed, enabling users 

to ^landle not-juSst f machJni!^^ bpt also it& oiiganlzational and social im- 
pacts. - I ; . j ' ! '.. ■' ' ';, f 

\ ■ i • ' ; 
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lME''tNFLUEN€&'OFINFG«MATICS ^ 
^ AND THE USI^ OF COMPUTEI&S IN tHB CONTfiNT 

Horst MOHLE I 

Karl Marx--Uniyers|t^^^^ *?«';PwWIc 

Basic Conditions Governing the Introduction of Informatics 
i and ithe Use of Computers :r. i i v : . - . 

The aims of the German Democratic Repuibfid and ,the tasks faoinfl 
J reqilire guarantee of »talbl« and .dytiaflwic 6oonomi<^ and social 
doveiopnerifobesed mjthe mo in scienoe and 

te^B^gy>>(j;p, ,4)./ If- the;,dDR wishes to take 4ts i place among the 
Wadttag indutM^riM itetlohs o£<Ithei)wori*,'4t must continue the compre^ 
henslve toiaisificailflW^^of *h^^ natictoal («o6nomg^, oThito4igh a strengthen- 
r ing Jof Jjhe. int««rel*«rian»bipl tt^wefeii sciwic« «ttd . prodiidionr eSk the 
accel^ted bro^d application of Icey technologies. ;h rt' ^ ;> 
' Given the^iligh gw«s*h'JMite of microelectronicsv the nunll)ei-' of per- 

* and- offic^B. oomputers^ in use... in the naitional economy had risen 
lo^35/aOO by the end of im. In the same period/ the m.umiber of OAD/ 
CAM work fitatiiins increased.' to 84,00o; As there aie -now sonle «9,000 
robot$. in; .U6e in the national ooonoray, the 'automation rate of equip- 
mei»t and production hafe exceeded 50 pert cent. r 

• In the next 10 ^o Iff years" this development shoiild lead to a 
steadily ihoreafeing number of flexibly automated factories. 

■ l*hese athieveiments ' will bse accomplished not only with the aid 
Of >^rkirtg people but also fiir them, In so far as thteir working conditions 
and living &tartddfds Will^t)6 impiX)Ved. Clpsely cdnnected AWth this 
evohition, is a c6ntimiouSs©Jnlpi*&h€bfilve ptwess of qualification. Up to 
86jper c4jit ot eOX working pedjile ftAfve euocessfully completed vocational 
- training, and 1,7 milM^ ppoferfitohal woritera (20.5 i>er certt)' are 
gra<iuali«»s of uniVersitiw and- coHegee. »*With a vl<yw to social j^uire- 
P^'^ ^nri thft.^^elppment pf isciem^fup to> the,(ye^ 20Q and beyond, 
me)§ of qualification ajfe ;to be, determined and ti^p most effective ways 

t^vS&^S'''^feSt:. ^if^-*^" P- ^^^^ 0^ 

othiif^ higher* education establhhtnents that theV shape 
; - - All «hfeir prografriiftes i initlST education; and furtlier^tfainlhg, and iheir 
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scientific, Intellectual and cultural life in such ways that graduates c>an 
V respond successively to the demands made on them by society through- 

out their lives. Thus, **the growing complexity of educational content, 
its muttial interweaving, the further development of interdisciplinary r 
methods for working in the ar^s of microelectronics and of computer 
technology, of CAD/OAM, of more flexible automiation, of biotechnology, 
£is well of further key a»id high technologies" are leading to *^changes 
in the spectrum of fields of study". **Scientific method^ of working 
^ and training under conditions pi- i^oduQtion must ^ better >«h and 
more mutually fijtcfprel^jk^^ p. i » ' . ' i . , 

With these guidelijjes in m^ nd,; this . £^^^^ will d^uss top mfb^ence 
of informatics and the application of '^comiiuters on initial anrf 'further 
tertiary education in the GDR and on the shaping of content and 
methodology. I ^, 

Changes in the Content of the Initial and Further Education 
Programmes Of fored by Universities \ 

Modern informatics and the wide-spread use of computers have had 
'far-reaching effects on initial' and further education in the Universities 
|nd colleges of the GDR: Ki^i > ^ 

] 4 With the eix'i^nsim xjff infori^ as a science dealing with the 
systematic processing ol'imormtftion, with basid peocesses of automated 
acqulj&ition, including 1i» proces^dtng^r stortog,' reti^i^ving, transifierring 
of . inlomuldon^ d^eiaive chaA|[eii hi the basic fieldto of study (GtUnd'^ ' 
stud1«lii^ltlitunj^n)riiaTe been brought al^ut. l In addiiioa^Hhe inte^ation 
"Of informa/tointciveJd* fields tof i stucfy. aniot i poBtgraduftte'^ study 

is being stimulated; rr • ^ J i i t ^ ' 

Thus the new bftsk field of stiidy enUtled.'«»/orrmi<$C5 was created 
in ovdito.to traiii specialist in idtiformatics. .At ihe same time, all students 
will' eYen1willyy^<«^ve continuous fyxiiiting in informatics .within the 
frmiewprk of tneir basic fields 4>f study, in the caAei Of 

mathematics and natural sciences,, technology^ economics, and agricult 
ture. Students in medicine and. in dentistry will begin to receive basic 
traiaiivg/in ir)i:[onpatios -during the 4987—1988 academic year, > 

To take Ihe basic fields of ^rnathemoMnSj as an exemple, all students 
are given a foundation course* in informatics diu-ing their 1st, 2nd, and 
ard ?cniest©rs. This coj^e includes an iatfoduotion to digit?! information 
processing including practical \york -con?put€!r$, the basic terminol- 
ogy of jiipiithematies,; the ba^es of |<^^ the bafiic concepts of 
the i^eor;es of automata and of ^Agoritt}ms, -and the leatning of pro- 
grm\ming and of programrning languagef&i through practical » exercises. 

<:^Th«se l\tudents who show speeiad^ Inteit^fit, ate enabled to specialise 
in Irtfomlatiofr'from th« Snd to the 10th ^tnd final somester. Their in^ 
doptTi traWh\g; incVyd&s numerical th^thematice; logic, the alge/bra'c 
baees of^ in/jSimatiopi^^.,p^ progr^onmipg; language /Je^^d co^^ 

algebra, Thj^se s^^ftents -also , undertake^ pr^ticai > >yo^^ A, fourtyeajr , 

m 



4wt»nce qducation ,cQuri« in informatiQw processifig is available for those 
pi3of€s«i<jna4y Jirit©re?:ted iii it, ' . i r • , - 

One thief- lie&t^ w^ys,, to ^rasp 'tiQW training in informatics is af- 
Iecting ,^h«;,whfitle,restru(;tuiring^4if higher education > in the GDR; is to 
eX8m4n<( closely;, the role of training., in informatics inM-itlTe Jxisic course 
, |n, $cflnomics^(Of . 2„p. WS, ff . and 3i, p. 38 *f)» ; , ; 

' li 'ithe intention now is to' 'introdixoe us6r-oriented training in in- 
ilbt>mati6&' ioi*' <dll ^dents'. Thci coui^ in quesrtiot^ dte dfesign^ to cor^ 
respond to tjl^ needs ftf gk<aduate economists, partidulariy to (saver those 
asjiects of Inloinnatics which are necessary for the daboratiori of ^com- 
; puter-tafeed sy^jiems ior applied economics. They will cover hardware, 
software, and ©rganizs^fcional aspects. ' 

■2.;At' !he same " thne, di//ere»tj^tted trailiing in krf orm&tic$ ' Is 
neoe3Sa(i«y. Th^rfefore, a thr^-«tage ijii^ogromime in inforinatics is being 
developed foif'ec<^homMs. 1' ^' >^ ' ' 

u- DsiMng' ithe^fin^ Ste^ students will deceive a computer-based 

' ioiirtdatiiin course 'in ij«E^n»iatics, *he aim of which is to transmit fun- 
4itiiehieA theoretical knol;^^ oA ihformatics, to' develop ooinputaticrtial 
skills for th^ dialojgue b<&ti5fei^en mkn and machine/ and to g^ve ihstruc- 
ticw on how- to work out programmes with a gmaUii-ange of functions. 
OompufceirMbased jprat^ical. work in laboratories ^viU also be carried out. 

. Forspme 16 : per cent ©f the/students who twill be enrolled in 'dif- 
ferent eeonomiics discipline9,f a more in-^epth training in infobnatics will 
be provided as a ^eco^Ki stog^. Studemts will be expected tp learn to 

, develop, t<>> impie)n^fint, . ,ai^f^ to .use consumer software with limited 
ranges of fu^ictio^i int-end(^ for desk information processing technology. 
AiCDnoarn <)f this, psogr^ni^ wiUnrbe tlie a<ittive. rqle of students and 
future graduate* la the.cJntroduotion and the processing of iidomputer^ 
aided solutions (CAD,;GA5i(l3 GAP). >t ' ' . . 'rr ; 

Jliju\lly, ,3i tljdrd mge (4 t^^ to begin with informatics, i.e. 

the training of specigilists in economic informatics. These specialists will 
be trained to un<^«rtake processir^ using cc^nplex computer-toased 
sy^items, requiring de^i]ianding software, includied in this stage are the 
ahalysi^, the mocoflian^ and tlie sinmlation of economl , processes. Stu- 
dents ijirill beexpected to contribute to^,tH^ Pfooessij^g and the realisation 
o|,|9omplete CAD/OAM sy,stews, " . , • 

' 3. A chaufacteristic of training, in informatics is its interdisciplhiary 
twtture. Thus new interrelationships haVe arisen between sciences and 
their discipWidfes (mdn as mathematics, cybernetics, general statistics, and 
the technical disciplines, for example microelectronics) and informatics 
itself. These above-^mentioned disciplines form: the tbeoi'etlcal .and 
technji>logical bl^s 'of informatics. For its part, 'infoimatics is largely 
integrated- ftito the disciplines concernfed with ficonwnics. Particularly 
close relationships exist with the managemmt sci»n6es, the Induetrinl 
sciences ('B^rtriebswfrtschaft),^EK)Countancy^and statistical, national macro-' 
economics, ttnd foreign trade, i 

i The basic fields in the natural sciences are being reshaped in an 
^analogous ifashion. Here we should like^to roint out that micarocomputers 
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juave beew^UbedfSmoce^ully fo« many rears in laboratory practical w'ork 
in physics and in chemistry (4, p. 250 and 5, p. 239). The computers 
that hjiv^ been used »p(im*li notv are going to be replaced by more 
powerful. 4)nes; Since both of these feasic fields of study aiie going to 
be oriented, eaipgriinerftal ' questions cbftcemiflc thei flesdble eduphng 
of computers hi experimen^^ £lre very rmpca-tam for the dlreotion and 
COnrtr9l,of -^jcperiji^ Therefore,-. Mu^Qnts flaust. , have- i«»<3WMge of 
Kirhat a !C<MTiputier i?,.9ap#5j,e of doing .with r^ard to the measuring 
system ^d of ^e inter,re}mionship between, the measurliigi pr^ess and 
the, exiped^ne^^ itself. ; . , , V »^ , 

. /i ^udents, begin v.their training, dn programming lan<juagos by using 
BASIC to work out measuring data' iprocessiwg programs Md tb 
W^n^t. tlJ^i/esuIts. H«re the gueftioji ^s alspf,one ^f integrating prac- 
to9pl nvork iijath. computers Jnto ^ basic >coursp of,.&twdy as -early as 
possible in order to be able to deal profoundly ^w^^Ji questioDs opno^rn- 
<ing.;he lin^.)5etween ,profession^;ft^ stvd.ie&.^d; exper^mewtai, auto- 
?^wo?^-Tlif,org|anfa5atipn,,oj student vork,grop.fl?i which 90lve progmms 
ii^epende^y hap^prov^ to .be very ^uccei^ijj. thes^ group? ■interpret 
pro^rai^s JIor their if^lfiW-s^d^nts y^ho iny.jajrn, make use of them". 

Infoinmatics; and oonu)utet use are important < subjects ^ in the further 
e<?,t«!ati<>7«;,progmmines offfOTed...to teaching sta|f members and to those 
WOWwngL in- j^ractical. spheres of economics 'who are aible to partic* pa'e 
<>Yer.se.v©ral^¥eme&t^rsf in postgraduate studies or. jih short (courses. 

A rop*e3«Wtative exaAiple of such ft' pr^gramftie is 
convputeribased > pt&ht autotmUon ■ (6, p. ^3). "Siheer a fuhdamehtal 
chiinge in autc^atkm technology took tilace with the transition to micro- 
oomputei«^ba«6a rdgulatoaS and st6riag6 pfogriatomin| connected with 
.hieiiarchtDelly ^uctured pr©fcefes direoliori'sy^tfewis Tor'the au-toritotidh of 
whole production complexes, the demand fdr' specially tralhed engin- 
eers hasiigrown rapidly. Such engineers must be. specialized in computer- 
based ^nitomaition'.'V ; " ' i - ; :■:■>.,. , , , , , 

Because 6t the ^feplejcl^ of the pi-dblems cO'nfrontiH-g ' the GDR, 
post-graduate siAjdies cian 'b6rresp6nd to such newly develofted scientific 
ahd technological demands as ih •^e case of mechanical engineering, 
one of the rtiftfor suj^portin^ branches of industry. The tW^-year p6st- 
graduate course (organizsed as distance ediication) 'enables partidpants 
tp aeleot rhicrocomputer-based automation for a given sphere of work, 
to programme, and to use it. The practical, work related to theoretical 
further training is carried out at computer terminals, in the university 
ordfti the factories o{ indu«tBial partners. ■ A final dissertation the .sub- 
ject of which is oi equal importamoe to the university and to . the firm, 
is mitimi and defended. The additional vocational titled of "cnigijieer 
CPachingenieur) fwi automation 'technology"-' is awarded tor'participanits. 
Considerable eipphasis is adso ^.placed on the further eduoation of man- 
ogem^t personm in tlte i fields of economics (cf. 7, p. 210). It is al- 
ways a matter of importance to familiarize*' managers with the very 
latest developments in mcinagement soience and to train them Id use 
the' latest, juanagenjent techniques; Acquisition of this additional qilahi 

m 
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Jk«tio(rii|;«nerally* take&»th» f6rm of 5^week wurses for company direc*- 
tcsreiat .tiMrtitiutesiifor SociaMst Boonomic Mahagement, The use'\)f math* 
bmatical eo^porajcs-inapteed methods and of computer; technology 
in .mana^unime! integrated info th«' cojjrsfe, A complex ma«iiagement 
exeKiMei h Which o<bmputfaig> : <Walc^fueMs -ajS€d> to sui^ 
.making prepamtk)n; marfe th* high-fpoiri4>:^^^ , » • 

'Atiipresmirt, specia(fjoo#r«e« on.^^'i^^ have .been made avails 

a*rtQ wiWuin -the ^jfiWfjework of cyclical further education, to specialist 
teach&rs of iiniil^ematics' and phy^sics ivho are i^(^^folv€d in the teaching 
of optlooail <K)iirs«^ in the ninth and v^th grades of the Gm^ial Poly- 
t0^hini« -«i(WPiidai^5^'^S^ of thei -,01)11 and in optional courses ^for the 
A^laes^ufeyjituqr) Jlevel i grades (clasae* .Utti wid l^ith grades). These 
<M)ujw6s^ iridtit^ iotrodototion to tlsfe iuntfamental problems of infor- 
including algcaitlanip. j&triidiures ackd solutions^ tOfiproblems. The 
fl«UrtiB9,i;fll80 'iTfiquk^; )the i tefliming of simitabte ; programming languages 
a»d: th6<ap^itloni«fi micco-compute^ ... 
•nv' It'vijSinow wfiUf.underetooS •that, th^. General Polytechnic Secpndacy 
ifehoolfi: sbouWi inclt^ <infart»afcic!» a»d computer operation as .part of 
their general education programmes and as a prerequisite for univensity 
and college ,ed,uc§ifeioa., Spepialist teachers thesi^<,areas require further 
traininjj^ A.,svMtal?Ie^^ec/w^ b^asis.in . higher education must be 
P'^yi<*^;i<?»Atl]P TOal.rfi^. tW^^^r^n^?^ainini? of the teachers of such 
suWec^.^ Tfee ,|eq^ipnpl€nt T?eed^ ;to pro^vlde this., trafiiing sbouft^ include 
decenWzed Sjersoftal de9jc|j^,tp|Tfiputers, of the PC l7i,5 type and BC 
^^0.(pffdce C9piput€rs,(bei;^ging to the B-and ,16-,bit ' class). Another 
model oif courses, which shoulKi be J?gia!d«w»vail»l?le is the centjral anacro- 
comput9r,(E«EI^K . 4rv'. :., ' , ' 

md^ctic and Methodologioal X^hanges in Tertiary Level Initial 
and^Further Education ; r 

WiTto the wide-spreadintroduction of 'informatics and- of dependent 
(3om4mt©p-b.ased working? methods among full-time and distance students 
«nd thos* enrolled in further education courses which ar« charaderized 
by ttke^ effective mAn-moehine' dialogue/' certain cortsequences have 
toieeii ioe the reshaphig of the university pedagogfical orooess. Some of 
these cpnsequenoes will be discussed here, in agreement \vith other 
au^ors <«, p. 261f and 9. p. viff.)^ - , , , , . , . ^ 

l.'Our aseumptiorir Is that the elements of work o* future>sclenitigt8 
and' engineers' will .not i fjdergo major change tip to the year 2000 with 
i^gard to .'expected scienijlflc and technological progress. What future 
sdentldto will requii^ is Jenoty/edpe btased on theories which wre avpli'> 
caUe topnq^,' : ^ ^ . 'j f- ,.!••■ ■ . 

More and more the scientist as well as the engineer require an 
'•intern-ali imagin*tiv€, model far their specific work as the basis for 
thttlr-orienitationi and for the ostediution' of their -work". This Model 
should inchKie a dearly delihed sequence of steps relevaiit to the 
prablefti or taate in which a «tru<{tur^ ' . series <rf ^Mentai' i operations Is 
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THE INPLUENCE OF INFORMATICS AND THE USB OP COMPUTERS IN HIGHER EDUCATION 



4nivioly«c|>i These Sftepa shojiid. be' cCnficiously made, and well iu)4€>rsDood, 
develops, tand dttyBngthened. 'The real proceisees of natura, technology, 
sQciely, and thinking sShouldsbe deeply and methodologically' penetrated 
ifisthfly ai^ito bp,ifiiiu:cessftill(y and eftfectively emplojred in cpnnecftion 
wittt! informatii?s andi oomputfers. An engineer, who cannot recognize a 
technical or a technological problem and break it dovmn into its oonsti- 
tuenfe cofloponen'ts, who cannot* think competeirtly in abstract and con- 
cise te^ms, who.^s not, suffiotehtly dapable of m^^terinig the miental pro- 
pes«es. of indiuition, dfiduction, and logical conclusian ^ill not be able 
to:worfcsuc«essfMlly wiili cofiT^ . : /- . i 

2. Onlv itv oom&stion tHth ^ietttific m iecknM and t^chivAogkal 
conlifnt Is It feasible to train istudehts to develop ways of witl^kinif based 
ow e&mputei^s. An "ability hi itseH" is not posdilflA. Thu^' the point at 
which this particular aptitodis is identified' should' com@ as early as 
possible in iiie educational cy<ate. General education «t the level of the 
General P/olytechnic S^ndary^ SdMH^lt'Should infckide infomn^ion pro-* 
cesiiing bV nieans of ; mloFo-oomputers. Informatics and computer oper- 
ation as they ^relate to specific fields of study should be introdfUced at the 
beginning of 'the piertod oi study. > 

3. As much ai'th^ grbiijing coMpleodty of the problems and tasks 
facing «8 bdrresi)ond tp real processes, cart be ot?erc6m€ by usitiy 



* , Doii^ig stf 'fi&ty correspoha^ 1» grti^vinte'soci^ demiarids «pid favours 
tho trtesmission of sAoch resiilt^^ to ty^^icy^ domplfex work pfocessQS. 
The bompleirity and tasks /^creases from the phe^S^ of 

initial* to the phase of furthei^Mlic^ ^' ' . ' ' ' ■ 

4. The types of methodical and methodological training wHich we 
rightly stress as being characteristic of our higher education system, and 
which:; ihor€a»es the^ 'fleXibWfity p-f tgwidafltes, Is smbjeot t tjo-sigrtiricant 
expansion through the teaching of students ito work using ^iflompwter- 
affted methods based on informatics. The principal aim of this training 
is to enable* students. — future sol^otists and engineers •^rr^ twr decide 
how io^omibijrrt individual creative work with the automated recoitllng, 
pra(j«s<jing, and storing of ijtiformations on computerd/ as well as how 
to relate them t6 one another* TJh^usit more iscope for cre^v'e; work' can 
be made available whilst 4:*outinei work can bef^.gradually itfeduced aiKj 
man hQUrs saved. » ; / . ■ 

5. Through the u4e of computer-based methods adapted to dh'e's 
work -places^ it is possible, d^nding upon^ the differing abilities of 
qtUdentSi to guaoantee thefjju^ihe necessary personal scope to further 
develop their indhidfiality and to proonote their oreati^ ity. They ^bem-* 
selves oan determine the style jand the rate at which they w<ffk Such 
forms of individual work, should however, be combined Wlt|;BrcoUecUve 
cp-operatiop. . , , : . ' - ) ' 

6v It is often neceiKary in initial ledUiiation to simulate a real process 
of snatur4/ Bociie^ty, and thought on tlui basis of a matliematical model, 
anfci to process it using oom|>uten iecHnoldlgy. We IncreasiAgly preffer to 
place our sUid^ntsrdirectly^ ivJto of the sodAl sclentifiLc and 
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technolagical revolution. Thus they are Invplved-ia research. The same 
alsd happerts \n the field of Informatics and computer technology. Fre- 
qi^en^ly tjjoSitgra<JM«}tQ js^vdei^ts in -furtl^er e4ud«tk>n (contribute to the 
sd<ift/^i|,9 and, Jw)inotoSi<«>lrT^volution throygh their, theses and their 
reg^cR.^ Wf#r#s «';>»y^^ ^«ir sepcialist.subjecit-nrelated results much 
of yrhicn ;ha$ involved the use of, informatics and icomputer technology. 
Thu? pe4««Pfiicat^,study proc^ in . initijal and further . education 
.pepoin«s^iger»uin^ wo^ process. ; . i 

'7. Even tlie dftfew^^jc fw«ms reoiiaaiibtt 4n the teaching and study- 
ing process undergo certain changes In Ihe'Wurse xJf initial and fur- 
ther education when computers are involved. Traditional forms of real- 
i/.iLion, such^as lectures and seminars, are enriched by work forms 
with a marked training character, for example oonputef-rbased case 
studi^ and project^ (Planspiele), and such practical sessions and com* 
plex' computer-management exercises as are relevant to decision-making.' 
Studentsi. york.jtt.,i(?Mfm|)uter cabinets, at. CAD/CAM stations, and with 
managemient compufcers which^ iare equipped with corresponding hard- 
Ware and software, u . ■>>r'^- ■ - : > 
. : Personal.and office computers which are initially used as teaching 
aids and are often complemented with graphic apparatus and printers 
become ''means whereby students may make real contributions to th^ 
scientific work process, , < • 

8. ,Usiiw the psychological knowledge that motivational and cogni- 
tiv4 p^oces^s ^ortti a unit, the question becchies one jot motivdting full- 
tlrne and^uri^Qr edUcaUOn slkidentii tb'Wbrk with ihformaticS and com- 
puters.' Tljis task can be, accomplished mpst efficiently/through the sol- 
utfon of mWtettjs'MM &re'sob^ scientifically and .te<;hnqlogicallv 
significant' |t is eq«a%'^^lMpbi^ht that there be signlflant motivation 
for pei^rtAhteiit Ivmer'^educmSrC^m HgAtd t6" informatics and com- 
puter technology. , " ' ^ 

9. The fact that teaching staff members can' provide a constant 
ob^ctiue assofism^M of the level of a«tivity of . theijr fuU-thne and 
further education studente when the latter make use of computers to 
complete their scientijfio and technological work also needs to be stressed. 

''10: Th order to fn^areas^ the eff^tlveness of th^ use of office com- 
pitltert; ah "informatlM headquaner^'for 6fft<:e 'ccnnpKter programmes" 
has been set up to avoid dupUcatlon of ^forts wMle at the same timo 
' to encourage rapid development. i 

In order to guarantee a high, tind effective level in the didactic and 
naethodologioal training offered in informatics and coniiputer use in in- 
itial and further education training progrimmes at the tertiary level, the 
univtsrslty pedagogical quclification of all the young scientisis and aca- 
demics in the GDR has been expanded by means of a one-year post- 
graduate course entailing the above-mentioned ten points. It has thus 
been posslbile to create preconditions for the accelerated integration )f 
informatics and computer-based methods of working into initial and 
further education in every field of study. 
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THB mPLUENCE OF INFORMATICS AND ' TiiB%SE OP COMPXTTERS IN H nHER EDUCATION 

The GEIR f W&icom4^' tKfr fact that the "European NetWork on Higher 
Education set up by tPnesco has received m initial impetus in t^i-ms M 
content afKltHftt expeifierttfe'gsinecl'fit the EARDHB' Congress Ites' stimu- 
la^ 'fc6-i6]pemti<dn aitt&ng <je*fein countries Mahd irtiiv^rsitiefe wishing 
to Work: togetlier <lrf> the tods ttf informati<!^ aad comptitet 6peration 
■linked to university pedagogics. In the same^ spirit, cobtdinatiort with 
theinteynptlon^l N«tw^k of,<Centr^ for CQWutey Applicsat^on <INCCA), 
also IwitiatedJ^y lfnesco>;must -■be^^nsuwdv . ; : . ; 

■■ .• : ■ .,!.;'■:!• i, ■ j • , ■ • ,^ . . ■ > 

LiHonecker^ E. ; Die Ai»f«ai)en..i bel der weiteren VerwlricHchung deif Beschltks^ 
■ : des' XI. Pprteita«es der SEp. In r > „N«ues '. I>eutsohtend», 7./8. Febroaf 1987, 

2. Apelt, S. : Dwohgangige Iiiformatikausbildung In der Grundistuidiemiohtunfc 
(; ; Wiirtsdiaa»wiss«tMK!haften, :>Jn: „i>as Hochschuiweseri" 1986/8, S. -196 ff.. 

3. tFriedridiB, JO. / lOoldaittmer, G. : WirtBohaftdnformatik;— eln© neue Faehr idiftimg 

in der HochsobuaQiistoiildiun^g fiir Okonomen. In : „Das Hocihs^Maweseii*' 11982/2 
S. ^ff., Berlin. ,. , , ' . . 

4. Prager, ^R.y ^^ph'fer, W. / .^reii>hard, B. : Einsatz des Mll|ax)rediA Miq 'eO In 

d^r ph^stkaliscne^i Gdindlagenau^Uduhg. Jn : ,^<j HQchs<^ulweisen« mil% 
. . S. 250, Beiliq, ^' J ' ,! ' , . "' '' "1" '' ;. 

5. Urchner, I /'Schulze, ilf.-D.v^JIjrf^hPuogen. in dar Itiitoe^oai^M^^^ In ,dei; 

^feWion ai«Tii^\ <lJi : S. m Berlin., ! 

6. Burucker, G. : Pbstgraduales stuidiMii^*„lWhnQiM^ 

in : „Das Hlochschulwesert" 1985/^, S. 1:73, Berlin. ' 
TTKohler, A.\ Erfahrun«en in der Weiterfaiidung wirttohaltleitender kader! lni 

Hoehschttlwesfen" 1M4/8, S. 2ilO, Berlin. '• 
8.iBugfenhafien, H.-Jf. : tngfenleot-masdiges Denllfen, Ai^eitfen, V^halten — Vdrausset- 
^ ««« und eeistl«* Gxundte^e fO*'d«s te^hnergeaDlWze Arbetteh dee Ingwileufs. 
Irt : ,,I>a» Hoch»(5hiiK»rescii'* 198B/10, >S. 2ftl/2fli2, BOTlinv ^ 
9. Banse^^ f3, / SchJJler K. : ,Anwen4unit,^ktIver reohi^^rgestotzter Lehimaethoden. 
anj B^i^el .<J(9r j<?^trlsi»v^l)rtschaftlichepi AiKtoildimg. ^^n : „Das Hodmliul- 
, waen" .1|W6/1, $t.rjVll,ff., B«ifUn. . + . . 
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I>}Fdl$m^S l^r. EDUCATION iJf SWmERLANI> - 



The aim of this report is to survey the progress made in the intro- 
duction of informatics in higher education institutions in Switzerland. 

The federal structure of S^Wtzftrland. wldob* has a i particular influ- 
ence on education, is no doubt the reason that evolution in the field of 
itiformatIc»' httS'beeu greatly irharked * by personal initiatittvies. In general 
and in coiiqjarison the educatiott' systems )6f other countries, most 
of which 'havft long been investing iieavily.both In tesms of finance and 
of personnel in' informdtits, the record of the Swiss eduoation system 
in>tliianrr'.pecjt i$ uneven/tand has been subjepf to delay. ^ needs are 
obviously :not tbe. s^ei at all Jley^s, .t^ie v^uriousv^degre^ of implement 
t{litionar^Oot;nac«ssflrily'wmpar^, > i > ru . 

• If bne/oMiisiderA sfiacifio tralaiing sectors, pae wjyUi note ttiat.yaa-jous 
iyspects^df infO(finl»tio8i^; thoroug at least in som^ ojf 

the cantons. Although there are still impp?tani regionc(L:,differences and 
n.umei:ptte gaps to <)l:idg«|, onp^jo^rrno Aong;e!r sp^ of a considerable lag 
in f(ny: .oif ,liie sector^ pf.traiaiing^JjT^ task niowaiaiays ,'is to adtiieve a com- 
papwtively , equal level fiverywhe^e, to reinforce th^ existing situation, 
and, ' wherever .TLeoesswy an)4 'acivisf>.l4e, /o ad^t rapidly to ttie new. 
developnients vyiiich peem to be appearing and advai^cing at the speed 
of light. Thus, for the futujpe, it will lie particularly important to step 
up the interoantonal and Swiss coordination which,' one has to adrpity 
already wwks well, i 

Informatics h being or h-is already been Intfoduoed into a number 
of dom^iris. in c<wulfeofy schooling, especially at' the level of 'ihigher 
education, The rate of evolutioij has not been equal. In particular, at 
the cantonal level it was ^irst necessary to develop guidelines and com- 
rjvoxi objectives. 

4,lthoilgh the guidiellnes and objectives in question were approved 
by the CDIP'in October 1986, they had already been adopted by several 
cantons. In order to achieve a certain hannony in the- domains both of 
hardware an l of software, it is now necessary to devise common cri- 
teria for factum acquisition, ' i 

In the field of basic professional training, development is under 
way. Alterations ^of training guidelines have also sped up the integration 
of informatics in the cpmpvilsory study courses of all the professions 

^' . ^ Exoeppt from a Raport on Ittfarmatics in Ikiucation in Switzorland issued 
by the Fedenalf Ministry for Education a^ad Science. ' 
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INFORMATICS IN HIGHER EDUCATION IN SWITZERLAND 



involved. In 1986, basic objectives had already been enacted for 121 
I professions requiring a period of apprenticeship, thus covering 56 per 

cent of all apprenticeships. This evolution is going to be enhanced, 
while in parallel the further trainin^jf of teachers will be inten- 
sified. The setting up of a Swiss documentation and research centre 
for professional education, one which could prove to be a valuable sup- 
port for the domain of informatics itself, is an objective for the future, 
Informatics is Mrt and parcel of the educational pmgrammes . of the 
highef Inlstitliiteb 6f technology (ETS's), of the higheFedUoation insti- 
tutions for economics and administration, and of other specialized 
schools, I 

' , 1 ' • 1 ti . Ml :■ ,'i : , ■■ %i, ■ ■■ : , I , . ' .. . 

t The Orig}n« o£ liU^oimatics:lii Mt«eTland.>i , ; . 

Swiss* higlaer education entered the age of informatics in the 
l&50's in a vwy premising w^y, At that time, the Ziiiich Ffjderal Insti- 
tute of Technology (EiPFZ) became the owner, of one of the;fi(rst com- 
l»utefs to function in a:" higher education institution in Europe. 

A decade latei','^th6 growhig needs of 'research in higher education 
ini^titutions in {he field of comptlter'^ences c(nd the ratidly^ increasing 
demands for services of a mathemati6lS:i'iiature resulted in live setting) 
up of uhiverslly coiMputieir ^^ntres. Between 1958 and 1962,' adequate 
cenft^ were open^ at >the two Federal Institutes of Technology and 
in most of the oantonal UniVenitie6< ^ i > 

^ the setting up of tuilVei^sity' computfer <:entifes Wa.<! followed by ti^ 
creation of ^dpeciiilized hifownatids Instfeites. Siiriiofe then, informatics 
has bftiome' an ' iititonbmous stfentfe with Itii own corpus of knowlcid^ 
and problems which collectively Exceed the limits of the vailous basic 
arieas of ^instruction in thw field ^d.^tell for an Appropriate institutional 
form. In' 1967, a section of cbmtMter scil^rices was "set Up at the 
Zurich m^l ' ,v, - . .• : . .', 

Three yefirs letter, the Institute of Electronic Irifotitiation Treat- 
ment, was ifounded at the University of ZUrich, while in 1976, the Uni- 
versity lnfo;i*matics tJ^ntre was set up in Geneva. In sttuations in which 
the size of tl)e, ilniVerSity, or thfe' subjects traditionally emphasized hAve 
precluded the establishment of autonomous informatics institutes, iso- 
lated infonrjatics dhairs have been created. The full professors of these 
chairs have had to create spe9iflc infrastructures from the bottom up 
as well as assuming public relations, tastes. 

At this beginning stage, research projper was only po^si&le within 
certain limits, a situation also holding true in the oases of the larger 
institutes. I 

As of the beginning of the 1980'8, all th^ Swiss higher education 
institutions, with the exception of the University of Basel, offer basic 
training in Informatics. Both at Gneva and at Zurich^ as well as at the 
two P'ederal Institutes of Technology, one can choose Informatics as a 
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v^■,;^IWa>BRAli^^|^ FOR' KDUCAS'ION *ND ecmNcE 

major course of study; Thu«, - informatics as a scientific subject and 
auxiliarjt aclerioe has ^iCciUioted .Ai.solid l»asis in SWitss^srland, but with a 
delay of ten j^iars mlaifciVe td the internatioiia^^ 

>o The- Present !si*u(iiiQn , V ■ ! Vi . . ? 

; ■ . : ; . , ■ . . . ' i 

s;.!. T^|itnln|$,| : .:v;,,-;;'; ■ ■■■.!:;:. ;;•( 

, V 'fi^*wwn . tUe,,4pfifcrl96l ' W years, the 

n^j^ber .of 5li\)di^nt^, ini ^jwlss higjier educa^ipn institu^Qns having, chpsen 
informatics . -fts ti^#r. njajor object increased rad^c^iUy. rTtseir nun.be?' 
incre«^ nriciire, imx.$09A reaching XfiOQ units, befeween ib/e Id83--lfli84 
and the 1984T-19a5 aosjifil^p -years; During tM; sanpie f^ve-year period, 
the jilimj?er oJ,9h^p,j^^^ d9u|j}efp:|8^en tliotigji^iihe expansion; 

of gie te^n^ fi^tm * whojjip^wa^.le^; tti^ tJjat. At the end 

of thls jpeMjlierjB Weteievf©^ «ih^ ttjarty full-tli»^i(^||,ers ?>vai][Abie 
fo|r,teach|nff^i|ir6rmia^..i)Lt,^^^ nunifo^^pf auxiliwy staff 

"Jf. . tasks ms greaj^jly re- 

stri<:ted. Ndyth^vu^^^ ^iplin^.l^^s registered such a higkjjrowth 
rate in these last y^m and has been so characterized by admjfeslon and 
training conditions tiiat have deterior«tted„^ severely. 

■ Because sttiirUlatioh , artd su^gitetions; from . outside: wer^ iackinn 
during an fearlier plahij^ bhte vweifs underestimated for a 

l<tng tune the need for engineer^ specMxed in Uiform^ics.'Sut there 
was abd'tha respective influence of m in^nSl fafctor withim the higher 
educationj irtstitudofts : the n«W disc|ptes h^ve jhaii dlfficSlties in 
estaWishirir ■ therpselves when , bonfU-ont^! Wth tradWnal courses , of 
^^"fi' their estataighed poSi^i9lxs., W Swiss hig^^ 

cation institutions Wei^ overwhelmed' by ,tM cfymmfem of this new 
rapidly developihr university «ubj6fct All hffcr education institutions 
have been affefcted, momv(?r, in additi6n \p tha students who have chosen 
informatics as their majo^ oburse of stUdy/an eVer growing number 
^^^^ "P informatics as secondary couirees df study or 
would like to receive a certain amount of basic trainfaig in this discipline. 

Except at the University of Ba^el, one can study informatics as & 
major cQurse c>f study in all , th<* ^wis{S| universities. However, a distinc- 
tion is ni^de between studies in general informatics as applied to ma- 
thernatics and to tedmical sciences and the cyde of . studies in infor- 
matics as appUed to eeonomicis ajndmanagem«?nt. 

, The goal of studies ijp., Ipforraatics per se is the training of univer- 
sity teachers who are able to pu»m»e the development of informatics and' 
its appMcations to new specialized domains and at the same time to 
enrich their knowing© of the auvmatid ,>rooe6sing of information. 
Today this goal Is compromised becaus^ of staff shortages. •jThe lack of 
personnel not only J^ds to deficiencies I . the trailing of students, it 
cai> even f top or delay the ipdispenslble development of informatics as 
a secondary discipUtie and as an Auxiliary science* Today, nevertheless, 
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on(9, caiii <!jaoose jUxCoJfmatics ..bb-.A; aecondary branch - of study in every 
liil^ev edui^tion instltucMoffi. HoHf^ver^.^ existiiitg posisibilities fcv com'^ 
bining it with various anain discipUneaiart still f ar fiponi being; satisfac- 
tory. Indeed, the particularly interdisciplinary character of iiSformatics, 
its vast field of application, and the fact that the methods and means 
tised by this new discipline Influence, to a tdelislve' extent,' ^the ways of 
thinking and working in a great number of fields of knowledge, call 
for a reform of education. In numerous specialized disdjilihes, ' other 
than the biwic disciplines of hjfonnati<^, in rewdidn^, In law, in history, 



v«tti?«!M i« wHv^mayics m' most . wner auicanon msnnmons is 
Aot ye*»«atis«^Ufty,'»4vtei)-lSh6U|^h '^in^'thl iutiMin''t^hn'1g$5 « 
w^j^h^re. Arid •**f,^o% 4e;thlr^ who" began 

their h^w-^udftittn studi^'W;«h'e WljiV teiin tof ^^^W 



iM»« wav w^iuncci^mng, ana i;ne, appuoacions pi. th6 Gomputer 
in th«i^«pli4ie that is bdhg: stWi^a as w^e^^^ 

''"^^•..J?® ^'-^ retraining 
and <?ontImto I? hltf<J/^#<J^^ should be madlTn , parallel with 

Z'-^^XS^^ ^\ basioftr^Ming In Inifoi^tfcs itselif and in, 

it^ appUd^ic^ 10 othC^^ one.; Very 

few ^^equai^ cohtfhuihi ' ed^^ ^e; eyaUable.ji* this 

respea, Ihfe 'ftrct ^rdpn;;, afi^i^d ^e not,ody the potential users of 
*N^^rntes th^ ,4ii«her edjication institutions b^t ^Iso .the 

academic staffs pf tii^;4tkbjish^ent8. In. niimerpus universities, the 

^ # haye thgt , required knowledge which would 

enabD^ th^ to mak? Judldous and purposefui use of " the data pro- 
<!essmg means a ready, eScistin^ their specialities. . , 



2.2. Beiearth 
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Since the beginning' of compute stience' the centre of gravity of 
research in the subject at ah int^f^hational scale has moVed from the 
higher education institutions to the laboratoires of the hianufacturers 
whi are developing computers intendM to be sold in large ' quantities. 
Tl 0 intense research activity being undertaJcen by the computer industry 
does ' not, howfever, exempt the Swiss higher education institutions 
from the duty of doing research themsftlves, quite on the contrary. To 
begin with, industrial reseaixih, whicth aims primarily* at the develop- 
ment of products, needs to ; bet complemented by research' in the 
fundamental sciences. There also independent research activity tends 
to reduce the already Very strong Swiss dependence on knowledge 
and products comlnf^ from abroad and offers Swiss Enterprises thf^ 
chance to collaborate with universities throughout the ooi *ry. Finally, 
if teadwng is to, be succea^f'Ul, it must be tibased iai^ely on the' inde- 
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' ' ' FEijBRAL' 'MINISTllV for' I^DUCATION' Wo' SClfewfefi " 

t 

like into1nmi<ii,m Which afeveK>pmentij 'tteour-^th gt'^t rapidity, to() 
great a msWniie to 'ti^ reiSeA* 

wfeeh ifhei^ea;.iteaW;in1»rriatlonal staA d6<velopment. Bespitt 
the eVidem fttJlJortahce t)f 'tuliversity if^se^rch in^nfolroatics^, relative to 
the ecort6hiic Skrid "Uni^fer^ity i^nViifohments, the Volume of research which 
is Itelnlr -cucreiitly ttriteri^qK^ is - totally -^insuffideftt. At pr^ent, the 
iw& Federal Jnstitutdr of' T«ldhri6logy fBPP) ' ajid the Uhivei'iity 'of 
Gfeneva «fre the oriiy /institotlohs •-'tviiSdi ^re - dfevo^ thdbsdives to 
sustained research. One has-'iiWly to analyse the'\vork under way in 
Switzttlan'^'^fn Order to reaji?e that, in comparison with the situation 
in Other countries;- SWISS rrefeettrclfers llniit^'t^^ cover certain 

res«arch seitors. ' Aaide frbhi resedroh in informatics -itself,' the situa- 
tfon wii*: -/«gfard to^the Use 'o informatics as a research tool and as 
a mo^s 10/ supporting rese&rch in other disciplines requires impro /emeiit. 
At pres<>at simiUlation based on - inffoimatics is the thiixl pillar of 
resea»*:h along with theory and traditional experimentation. Indeed, 
informatics permits a brdadiening the experimental classical method 
in almost all disciplines. However, mmy researchers are still insufficiently 
aquainted With methods based -^On informatics : research projects of 
this kind ai* reiatively rare in the 'Swiss higher education institutions. 
■> ' That this sitaation i& unsatisfactoiy is obvious, the staff shortage 
requires af'concerittation of forces. A imtversity researcher is first and 
•fAremotft a teache*. The difficult tasks of teaching as wel, as that of 
supervising of students and of introdudng the new discipline — a 
particutarly essential activity all of these are acooiniplished at the 
expense of wide jfanging anajor research programmes. In addition to the 
shortage of staff there ara also -defioiencies in the research infrastructures. 
« Not long ago, 1 the -Swiss universi+ies lacked a high performance 
computer, and today they are. faced with the need fox- a "super-com- 
puter" of the next generation. . r 

In the past, Swiss research in informatics made some very advanced 
contribution?. The Ziirloh Federal Institute of Technology (EPFZ) made 

*° development of. programming languages 
(ALGOL and PASCAL). : ^ 

. oNevertheless, it, seems doubtful today that specialized i universities 
of Switzerland would be able4o- carry out fruitful research activities av 
the mtemationanevel. ,. 

• This situation will only change for the better wnen tiio current 
phase- of -educational restructuring produces a degree of structural 
stability. ' 

2.3. services Offered — Infrastructures 

; The computer cei>trps, equipped with medium capacity computers, 
of wliich Swiss higher education institutions dispose at the present 
moment, are generally sufficient to m^^t the demands placed on thom, 
The existing computers correspond to present levels Of development 
'And arc^ adapted to the si/yes of the different universiticfs. Hov^vor, U 
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goodly munibe]^. the sy^t^ps, are -having difficulties in adaip^ng ^ 
the ev|^ incirensdog t^^qcy ;in favour, of the decentr^zatiqp .^etrvices 
oHf^ed Dy , the '. cQtfnp'i^ter. ThJs: (tevelq|);x^t , com^ ^ a . ocinsequ^nc^ 
pf tliiie neyr twjtmbloifical jpiiSsihiUtie^. and noeets Jhp jr^uiremeid^s 
both of teac^ng 4nd of, the catipnalizatlpn pf, tasks. !l^he m^-machine 
relationship, ig^ shifting mpre and vfiQtf in tavpucf of f naan, ajtid doing 
so, both in a 9on«cete,: and a figuratii^e sfMasC;. The highly. centra;iized 
^ cbmpiiit^ 060(1x6 haS: lost monopoly ,e^4 ^ become , ^e kernel of a 

vast a^i4 highly .o^f^nt ,^^ n^ork. Such a .network offers 

both important secvioe^ in datia treatocient and storage oapftcities, ia 
data l>anl^ (jbfligh peiiform^e jcoin^ been developed for 

; such , banks) ^d. speici*^, fu^w?tions ^reftvUpihg jq^vunerous |?ntyance ,;an^ 

exit . uhpis (peripheral unitssj , wit^ ,term,|iials , pigljijfcers). i >. , , 
, The eepvjbces and the extr^ely Apriied o^tjegooiies of usef» are . linki^d 
to a. netwoo-k whichi! on<» it4R win)pi?ted,MF^^ 
dioapaittB of ijigher eduoatipn-i .T^ks. of: simnaLll land^meavuim soaile ore 
aocfiimpjished by personial For the 

outliining of^,iI)rooeduaws 1^ the wxxjmpliBhmtjn-t of fionr^ W<wk . of 
larger scale the uniwer^' institutes .which w.e close jtp, infioiranigitios 
make additional use of smail computers. Thus, each and every individ- 
ual will have direetly at. liiis disposal, at his workiflig place, an ever 
iporeasiing numbiair of processing >funcrtiQmi«mid iseim^ la a .waking 
enviironmemt adapted- to his specific type" otE activity, ,hie. can conduct 
a dialogue Jwith the comipU|ter iia 4)be simplest of' ways. In addjitaon -tio 
informatics, students who do toost^od th«ir eieiol^es and practical 
Work asBignroenits with the atsaistsnnice of small personal compuiteis, 
s|tudentB imd researohers from < lothetr apecialjcaod domains also benefit 
from this progrecss, partfioulairly the, intardiscdplinary teams working 
in the areas of advanced teadhing and research, p Members of a team, 
who are often placed in diffenenrt; buildings, ante in seirious jiieed of a 
means to communicate. Therefore, a university informatifcs netwiDrk 
enables the establishment of direct conmiunication among the collab- 
orators is a given project (dialogue or /^electronic mall") and access 
for (the needs of.itiie pjnoject to inAanmediairy / or final iiieeults stored- in 
the common daita bank. 

Thus, the traditional organization of a computer centre should 
develop into a da/ta prooessir.g service capable W 'encharang a deoen- 
tralized system as well as of counselling a heterogeneous grdup of 
users UnkOd to it. Such a service should also ensure links to interunl- 
versity, national, and international networks. Although at present 
most higher education institutions have only taken the first steps to- 
wards tlie organization of the sort of large university network as the 
one previously described, a serious shooTbagie of specialists a'ble to pi m 
such systems, to imake use of ithe sofltwaire find hardwane necessary 
for the storing t)f data, and to advise and ibo help ihe useois of thfe for- 
raer, i^ evjldeilt eveirywhere. . . 

VVnoiUier jaeed oi (the higher ' edjUiTatian Institutions which is far 
from being satisfied is th^t for microprocessor-based personal an4 
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cbllie<jtivei oomputens, peirmlttihg both the direct and (the autonotftous 
pnobesBinif of (dait^t iaiiid -texte lattid Bnkeiges with' arioore powerfijil com- 

^. > ?A lQt«yudiv«jG9i<y !QoUaI)or9t}on---Coordiiiation . ; > 

The importance of iniformatics for all or for most of (Jomains of 
education is so gneiait that no highea* education instiitutibn would con- 
sider not making its own efforts so faar, as,, teaching in the field and 
offering senviices is concerned. Ilius, coordination of eifforts does not 
mean ^e c<)ncen)tnation' of training in informiatics in cealtadil uriiiversi- 
tifts btit coUaboiiaitlilon and distat^butioin of (tasks sp aa to ob^n a raa- 
^hwtob benefit from the staff aiid the' m^teriaP means' at their dis- 
pfitol. lYom this iJoint ttf view; 'the Existing ccfllaboratioii and the pre- 
sent slti'iuotiupe of cooirdjbi^raon may be ' <J6nsiiaeir6d ' to be gobd. Indeed, 
no uniiv«rB!ty*'in -Switaerland has isolated itself , so fer as infonmialilcs 
is'cohcerhed, or' hite reifu^tid to co6pejrate in this dbmaiii. Particularly 
(riose cdllaborationl'feXidts, df tic^urs^/ b^twe^^ Uhiversity of Zd- 
rich dhd of iJdusanne lihd • tM F^etal'-'IriJitrtUtes of Te'chiiol^ i^X) 
itt both towrts:' Th6 sarhe 'is ttue of -the two fedeiftl ir tltutes of tech- 
nology. iAit'»t!he"' jionial leS^el, '6ne should make' particular mention of 
the 8-is<d 'cyck programme (fln infoirmaltit 'g, oatigiainized ' by the' P^odh- 
spfeaMng caMons, which constitutes one of the stror^ points of the 
cooi*diitfition initiated by he Conference of Universities of tfi^ Ffench- 
speakkig corttpns orealted' ili 196^. T^he courses and seiminoins offered to 
ddetofiai catididat^ij and ' urtJIveofeity tre^eanchers (iyming 'frtcwti a wide 
variety' of fii&lds has '^iriiulated gt^feajt iiitere^. At the national "level, 
the '^llaborattfijh of the highef education institutions fs furthered by 
the Unifvereity ' pteninJing ooffnmilssioh, ' lais wfell as by' jthe infoiroatic? 
commiasidh of>^the Swi^ Uriivertity Corifeitence rciCUS). The fii-st 
mentioned of the twc oommissdoas ensures thd *!a^^i(i lability ' and the 
fixdhange of information on the conception, the available meians, and 
the developirnent perspeotaves of highdr education institutions within 
the framework of the federal aid offered to the universities. Its activ- 
ities in this context are also assisted by €IGUS v^hich, from its side, 
formulaites suggeatioms conceomhig poss-ible aaieas of coLlalbomattion and 
also gives its opinion on techntcal problems in connection with federal 
grante for infomiatiics, this by virtue of the mandate confeaired on it 
by, the Swiss UnlveMty Conference (CUS). 

3. Evolution in the Futuvc i 

Switzerland is beset by a sev re short jge of enginet^rs proficienit 
in the present peak technologies. In this resfject, informatics, as we 
have tricid to sno\y, raises a speciol problem.' In the last ye^, the 
Swiss hj^fheir education institutions have certainly tried hard, to de- 
velop infocmatlcs and to adapt the technical sciences to contemporf 
ary requirements. But the measures taken were taken too late, with 
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ATegand to international developments and have not yet enabled the 
Swiss • institutions to fully catch up. Gonsiderin^g; the tremendous 
effod; of the Jther dndus)triiailized niaibions, the gap may ewjn get widier, 
particularly in the domain of research. This is w^hy the Confederation 
and the csantons have taken^steite to oater |to the ftitune n«0ds of the 
country by tiiaining engineers aaid by developing iiesearch and .training 
in inforniiatics. ' • ■ * ' ' - ' ■• i ' 

r. 3.1. TJie Comiliitinenf ot Ihe CoAf«d^>atioii I 

^ In Girder to accampldsh its , taslcs, ithe Confedeoi^itibn has at ite 
disposial a nvmber of resouiroes land niieians of action : with i1;s regular 
budgv^c i-t finajofses rthe -two fePF <J985.f,613 ipiillion francs Including 
Wbyeinitions for tJieir^affillilalte!?) ; i|t grants, firaancial support to the uni- 
■m'Sitary cantons acopaxtoig to the 1968 federal law on support to the 
.universities (1985 :237 millioiv francs for basic financiiid gnants aaid 
^7, mppn francs, for, fdiijianjciial grants tov Anvesjtimenits) ; and by means 
of , financial grants and other ; contributions it supports research in 
hig^e^ educ^pn institutions, »ttd in other non-profit research institutes. 
Other ;Jmportiant fiindipg ch^nels also Gxist like the Swiss N^itionjal 
Fund fyr Scientific Research (1985:169 million feancs) md |bhe Comr 
mission for the Furthering of Scientific , Reseairch, of the Fedenai De- 
partment of Public Economy (1985 : 19 imillion imncs). ^^joireoveip; the 
dtederal^law of 1983 on research (art. 16) permits the govemihent to 
assume responsibility foi- sonLt of the basic funding of fjertain research 
institutions, l^ie first one benefitting being the Swiss " Electronic and 
Microtechnique Centre of Neuchfitel (1985 : 10 million francs). Finally, 
in view of the law on vooatttonal , tiiaalning, the Conference gitants fi- 
nancial support to the higher technioaa schooJs (ETS), (1985 : 35 miillion 
francs). Already today a par|t, of these resourc<?s are spent pn the de- 
veloponent of isiformaitlas. 

' But Ithese means of action itvnd rreS'OUixjes haw mi been sufficient 
for doing away with the bottlenecks and the defitienciies desoribed 
above. Since then,, during the summer session of 1986, the federal 
Chambers adopted sipecial metesures to be taken in favour of infor- 
matics and engineering and aippmved crediits amounting to 207 million 
francs (150 million to be administered at theifederal level and 57 railw 
lion to be allotted to the cantons). : ] 

By the pursuit of these measures, the Conf(>deration is deter- 
mined to contribute to overcoming the present difficulties in the infor- 
matics sciences and (^ngilneering. Ttie special measures have been con- 
ceived of as i\ one-time shot intended jto provide a nccessady stimulus. 
The first goal of these measures is to coveir the needs of the, fcxleral 
institutes of technology^ and then ito help in the realization of piX)jocts 
of,' a national' yiteffcst. The ktter include the efforts of the panjtons to 
dc/elop inf6rmatics in their nigher eduoatioii institu|tions and their 
advancetf-Ievel Schools. In this resepct, th^> Confi?deration only offers 
partial financing, the amount being dependent on jtlie matching grants 
OEttered-by the oautons I^equefitLng.lald. 

m 
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"1 At the heart <tf' tttjese specie "In^ /tH& 
employmteTiit of part time teacbingi p^rstmhel. Although such a metasure 
will impptyviej ' teaching cpndiWons,. the 'huimiber of students will con- 
tinue to Inraiease:.'!! will ease' the lask of pibofiessortf a«d ether mfem- 
bers of the teaching, staff who will then he able to concentrate more 
on meeejafch and on ensuring the future reserve of tetaiching staff mem- 
ber by (the ppoydsdon ©f iurth^ tradming possdbillties irt Switm-land 
and'abrtjed. A second crucial aspect of these special measures can- 
ceatts (the wwk staitions and the employment ;}KSSsibllities necessary 
for tmining in informatics and for the use of informatics as an auxi- 
liary t. discipline in the other uMveirsity ^omadmis. In this cjon-rtfiotlilbn, 
the cantons wilLbe given financial support only for the acquisition of 
the equipment necessarjfr for training in Infomkaticg proper. Two other 
measdires need to be taken with regard /to (the sken^jthendng of the 
research infrastructure at the national level : acquiisition of a super- 
computer capable of bridguig |the gap in companlson with what is 
being done in other countries, the lack of which could have serious 
consequences for future research, projects, and the ela'boratipn of a 
natlbnal nHwork csapatole both oif ensuring the transmiBsiioTi of 
among the dlffienBnt higher education insjtitutiohk and of connecting 
our national network to those of other countries. 

3.2. The Commitment of the Cantons < 

Over the last yetars^ the cantonal higher educajtion institutiions 
have increased their effou*ts with regard to |the development of Infor- 
matics. At the present time it is ipossible to study dnformefbics as a 
principal or a secondary discipline itn eiaoh of |the Swiss higher educa- 
tion inaititutionB. It took onJy a' few years to develop basic and intro- 
ductory courses in informatics i<s parts of the core oumricula. In order 
to provide for the need t*i catch up the various university organs have 
stressed the imp6rtance of infoiroatics as a scientific discipline and an 
auxiliiary science. The hofje was that by the end of 1987, it would be 
possible to treate '26 new cba'Di-s and a great nrnnber of pbelts for 
mid-level personaieT. In additon,' various cantons hape created addi- 
tional posts or have raised loans for the acquisition of equipment so as 
to overoome the mo6|t serious diffibulties and shortages with regard 
both to personnel and to equipment and to improve both employment 
and working conditions 'that ame currently tmboai*ablo. 

However, the oantonB have ret'iUzed thiat even these additional 
efforts are not sufficient to improve the siluetion decisively. In a 
letter dated September 15, 1985 addressed to the Head of the Fed- 
eral Department of the Interior, the Swiss University Conference 
(CIS) declared itself, without any restrictions, in favour of the special 
measures to be taken by the Confederation. 

The same letlea- clt-arly sta.tes that in this cmci-gency situii|tion 
the eight university cantons are ready to offer special services and 
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rtking . wjij^ t)|» Conrfiedieto her the d^<3l'0ipraent ol : anl^nmia- 

tijtte is. 8wis« higih^j? educati^ : :/ , 

M,^This/ dwl««ation of intention of tht9:!eight university canton^ is 
a gijb0rant^ thajfc lihe 3pedal measures l which w^re conceived as stimuli 
wiU.,np(t/ v^ish li^ Inli'thd / air^ tout on the; contrary, will 

^ve rise^ .at the cantooal level* to arfditidjaai measures and^ w^^ coU'* 
tinyedi not only in: IJb^ strict, at the lowei^ 

lev)als. of schwiiwg «t well jas lihe tertiiaay non-um Setter. Htere 

tiQO, in t^ie Jtest lew y^«a^, |bhe xaapt^ hiave cleiarly/ amnifiested their fiinm 
initeAti^Pi^ tOr fuirtharr^tfee devielopment o£ informafkios. laaithite in0s?)eot, |bhei 
pui^t ^increase * Kbf training possibilities in informatics '< within the 
highcr level seooxidary schools is playi3ci^j.a decisive joleJ In the 1990's stu^ 
dents who onter highfer education institutions will h?av« a better know!- 
Q4ge>of informal^ than Is the fcaa? today*- - ' ^ i : 

.Wilthin lihi^ contexts one caniw>t obviously ofiler a cft^aplete ov^wiew 
oj^ ajil th^ effoirte v^^h ane bejiog irpiade in the fwthiemn^ 
matics beyond the traditionjal don^ns -pf ^ t?;^^ to 
nandomly select some of (these efforts which, we are convinced, are 
exeirtioig, at least indirectly, a &tirong.riiifluence 9i>,Tt«ftiniig iiai itifomia- 
tics. Memtion is aflso made of priva^te initiialtives which are being taken 
iliri the rtP^aln oj^t^'aining a^ m ^./ j^. ; . f , 

, It seems appa?ppiat^ to begin by raen|tionmg wtji^^ supppont which 
the J^vlss National J^Wfld (F'NS) ife giving to iresearch proji^pts.; It mani- 
fests i^tself primarily via t^e^ general fr^meworkip^. encouragement and 
to a leaser extent thaiough the notrniai oijetmtwii of the i^rtSipDal re- 
search >prGgIl^nf^ne^ (\B5JR). Thie ,;techir>ical ,siqierw^ jand Infocm^atio? 
occupy ani in^or^ani): plaige; w|thir>; th?se nj^itlojial iprogpi^^rnmes ; foy in- 
stance in PNR.ir7» /^Rrpfelpms of raw ipaterials an4 other niaterials'\ 
in PNR 13, ^'^Micro'^iectronics and opto-ele<;tronics'\ in .the l^NiR; IS^ 
'^Bio-^hemical 1techr.iques*\ in PNR 19, ^^Materials for the requiremejii^fi} 
of tipmprrow*^ and . f inftUy, in I^WP 23,,w*tlJs^ qf artificial >fitelljigei)[ce^ 
especially on -flpobotaq?'^* In i^di^;ion^i jthey have ; obtained (the place 
they dieserve in the priority oider adopted by the altoibm^t plan of 
the FNS. The corresponding credits increased from 2,9 million faiancs 
in 1984 |to 10 million fnanos in 1987. In . 1986, the technical sciences 
and informatics receivect the equivalent of 13Vo of the resources ^Hot- 
ted ito the exact, natural, and technical sciences, and this proj^ortion 
rose to more than I60/0 in 1987. According to the opinion 0 fthe FNS, 
It is desirable to conlinue to -vtrengthen Ihese |two domains durijig the 
next financial granting period to run fix>m 1988 to 1991. Wilthin this 
cx)ntext, i!t;is appropriate to mientioffi thajt the fundaoniental sciences like 
mathematics, physics, and ohemistry also play an Imjportant role. 

During tiiese last years, informatics has acquired increased impor- 
tance in the general conception adapted by the Federal Commission 
for thj Furthering of Scientific Research (ODRS). If the extent of this 
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enooiu^ement has remained relatively insiignifkant, it is mainly because 
of the precarious situation of training and research in the higher education 
institutions and the higher technical schools (ETS) as described albove. 
Indeed, >tihe tresources of which the Federal Office for Economic 
Change (Qfifice f6d6rai des cjuestion conjoncturelles — OFQC) dis- 
poses osui only he invested in a given project, if its encouaiagjernent 
implies close coUabonation on one hand, between a univeiisdity dniSti- 
tute, a research institute of the respective branch, or an ETS or simi- 
lar institution with an enterprise or a cooisortiium of enterprises 
on the other. As a general rule, the industrial partner or partners Who 
use -the (results pay half the cost of the project. In the ipast, a (number 
of projects failed or could not be extended to the lomalai of infoitna- 
ties because of insufficteit reseaox^h means in a given higher education 
institution or ETS. In addition, the industrial partners can have their 
own bottlenecks. 

As part of the planning which the OFQC undertalves several times 
a year, it has clearly stated its intention to increase its financial com- 
mitmeftt in favour of informatics. Will this declaration of intention 
give (liBe to concrete results ? The answer wiH deipend to a great ex- 
tent on the rhythm at which it will be possiible to supply the higher 
education institutions and the ETS's wih indispensable research ca- 
pacities lamd eqanipnent. 

At the intermationjal level, it is nec€S.satt*y to iemphasiize the efforts 
which Switzerland has been making in order (bo participate in various 
projects of th<e Euroipeian C:k>ntmunity. Of particular importance in 
this context are the projects known as ESPRIT and RACE which are 
attempting to establish close intra-European colliaboration with the 
aim of recapturing the gix>imd lotst vis-a-vis the Uaidted Stiatos of 
America and Japan. Two other projects, CX3ST, in the context of 
European ccoperation in scientific and technical research, a<nd tiie iixj- 
cent one EU'REKA> which originated in a French initiative, are wilming 
at the same goal. Heire too, the Confedenation will strilve to create 
genei^al condijtions which arte favourable to collaibortrtion between in- 
terested Swiss higher education institutions and enterpriises anid Euro- 
pean partners. 

So far as the numerous private initiatives are concerned, it is 
particularly gerrraoie to mention the v::'Seo(rch beioig cairriled out by tlie 
private sector. lai some domains of tth<j technical sciences^ privaU^ [TG- 
socrch exceeds by more than three-quarters the average contributioins 
made by the private sector to the total volume of research in Switzerland. 
Unlike the situatio.i prevailing in nio^^t of the OF^JD countries, 
applied ;t.^earch and development in Switzerland are only rrod- 
erat(^ly supported by the public authoritieo. The relativply large pro- 
portion of R mid D expenseis in the Swi^;s gross .ni?jtion'(vl product is 
la^Tgely labsorbed by ton or so lafrge enterprises. Th(^ strong inteix^st 
that Swiss indufitry is manifesting in the m-ajor Fahx>ixuui project/^ that 
are being devised demonstrated that it has understood tho need for 
additiomi;! efforts ^ind ,that it is motivated by the firm ihtention io 
regain the lost ground. 
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Chapter III 

SdEMCE : TEACHINO AND RESEARCH 

This chapter gives an account of the roie of the oWw educational 
technologies from the poinlt of view of seveml science diteoilplines 
either as te^cl^ii^ subjects or, as fields of university research. 

The selection includes chemistry, medicine, statistics, graphics, 
biology, economic and demographic processes. The fact that today med- 
icine, is malting *he most- extensive use of computeirs and the buil- 
dimg of e?apert systwns accounts for the fact thait two of the studiies 
are on this topic. ■ < 

In the first artide, AJcfcsandra Kornhauser of Kandelj Univeir- 
sity, Ljuibldana, Yugoslavia, provides an overview of the ^ use of NIT's 
in teaching and reseanch in the field of chemibtay. One {problem that 
must be faced here stetns fi-om the vas^t amount of data that have to 
be. (manlpuhaited. To solve at least part of this piv>blom, the aujthm- 
has pn&pared a hietiainchy 6f possiMe uses for coniputtrS, a hiensrohy 
which ranges fnam the otng^ization of bibliogmaphdoal imformation to 
basic factual de|ba, which aire then structui-ed, culminating with ex- 
pei^t sysrtems. The main idea common to science — education and the 
ilntroduction of new tjeohnologies resides in the gt^adual structuring of 
data into systems, structures, and patterns of recognition. 

In his study, David Ingram of the Department of Medicine of 
the Mefiioal CoOlege of St. airtholomew's Hospital in London offers 
a survey of the remits and the liter^vture on the use of co-n-Jiputere in 
medical education and tradaiilng. The author emphasizes the close linic 
between medical information applied in mediocvl praxis, on .the one 
hand, and medicaQ ed/ucationr assisted by comiputers, on the other, m 
well as the sheer pace of change in tho/je domains whibh has made 
some experiments obsolete, while validaUng others. The extremely 
extensive aoea' covered' by tlie potwitial mle of cx)mpi.!tter-s in medi- 
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cine, such as case simulations to illustrate diagnosis and treatment, 
statistical modest for guiding clinical decision and expert systems of 
artifidlal intelUgenoe, is highly relevamt for the huge efforts irequicped 
to devise methods witli a wide tsoale applicability. 

In the following article, Professor Dr. Hugo A. Verbeek pa^senlts 
B Computer (assisted system of simulation md education devised and 
developed by the Ledlden Medical F>aoulty. The system pneseaited is a 
Vi^iiiable aid both from ,the point of view of thiQ piie0dQj5bl^&^^ 
learn to diagnose through rteaiing with ciomipuiiir pi6n^bita->iuTTO^->^ 
that of teiachers who learn how to become lauthons of cases. The see- 
•ring system is only oo^ asp^t pf ; stuc^ 

which the system stimulatl^.^rt also brfegs* f argu- 
mii^ts, and explanatitons. The most important expansion of %he com- 
puter assisted S'imulation and eduoation syiiliem described above the 
Addition of ndsoiai : images, by mejpns of video discs ahd' video laser 
discs. Boyth are very vialuahle to medical €*ducaftllon. ' ^ ' ' • 

In the fourth ^artialci lEddfe' Shoesmith desariibes i^oitte of the ex- 
pericinjaefi at the Uffiiyersity of Buckingham in vismg computeais to'sup- 
poit(t t statistics; Thiis oouinser which has b^n introduced 

intpc all the schools of < the "^university, is eithiSMr compubory ot* optloh-^ 
al. In tlie begiiua^ing, compnaters were used only for demojfitsftarati<irts ; 
nexjt it was introduced into student and staff research worlc and now 
it is used as a teaching tool for all types of ouraient methods; suah as 
regression^, ainalysis oj[, variance, a^id .multivatristte ,' techniques. ' - 

Jos^ Novak's article presents the e^cperienoes of technical higher 
education institution*: in- Czec^oslovi^ikiia with respepfc to the impor- 
tance of computer graphics iji i connection with compiter-radded design. 
Special mention is made, of Ooaxstapuctive ^Mathiemate (ipa(i:ticulary of 
Constnictive! Geometiy) which is fundammtai [the endea)VOWa% 
Within the same context, mention should also be miafle of reoeat con- 
cerns, with regard jto Construotive Mathemj^tks g. D. Bridges, F. 
Richman, Varieti^si of Constructive MutJiertjfjiUcSf Caoi^bridge University 
Press, 1987). . ^ , 

Tunila Kinmmen*s study of the behaviour of a systiew is aim.ed at 
reconstrucrtiing a dynamic law whei\?by the observed time scries of a 
given system is prouuced and the occunv>no(3 of oscillations of a chaotic 
miture is explained. The author describes a way to wveal the ccxmpkx 
behaviour of systems by computational experimen^ts aiiade by com- 
putei^s. By this mean, the article analyses 14 growth models which 
have been used for the solution of economic problems (innovation diflfu- 
sion, the forecasting of energy consumption, car production), oS biolo- 
glCBl pn^btems (growth of an organism, growth of a population) and 
of demographic problems (e.g. the study of demographic strategies). 
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/r :' Alehsandm « KOBNHAUSER 

iWvard Kardcll Ujiiyerslty, LJu Jugoslavia 

f'aces ^of Science i ' ' 

' there af6 two main reasqns for good science education and foirther 
lire-long education : ' ' ' 

i~T Ji" industrial, and e^ren more in the post-iindustriai era ' of 
mart's 'd<yver6iPment; eV^y 'darker', even'eVwy day4o-day at.-tivliy, invol- 
ved Science and techri^o^y, 'supported incsreiasingly by m^them^+ics and 
ihfotmatics; ' - 

. S'TOwing dmocratization processes involve an increasing part of 
tWe p^toulatioh 'lrt deci$ior^ mpki^ , ; 

' Sdence, ' this achdevem¥rii' of teseaaxih, has niany faces, deljending 
<Mi the Individual aij'prtKiching it. ' ' ' . 

For a reseai^cher, science iiioans the results of objective observation, 
supported by .; fjowerful metheds and' techniques, ' with an analytical 
treatment <)f ,thG-da,td collected and a Search foi< interrelationships between 
them, f<Ulowed, by a synthesis of these data enabling exftanation of 
processes and recognition of pattei riS, which thus lay the foundation for 
hypbthetical predlbtions to be checked by further research. 

For the engineer dnd technieian,. scientific Infonxiatlon is the star- 
ting Point for/^evelopfiie^tal efforts, 'giving a fundamental orientation 
and ^tlmul^tdng creativijty in searching , for the useful applicstions of 
scientific achievcwnents. 

To a manager, 'Acience offers a basis for 'predicthig several possible 
solutions of jrieal , problems whieli help him to understand the natua-e 
and implications of different possibilities needed in his efforts to opti- 
mlzse processes. 

The quality of sciehce and thus also of science education increases 
mm the level of objective observation supported by efficient techniques, 
via organising data and expressing interrelationships with diagi-ams, 
leading to the formulation of the intt->rrolationshii)s reco/^nized in the 
fonn of abstruLt mathematioal equations. These; expixiss relationships 
in the shortest, most accurate and logical way. 

* Proper pi'(v;o.nt<»d fit the Noixlic (Jonffivnce on S<:iotK:<j nnd 'IW;lin()lo«y 
Bdwation : Tttc Challonge ol tho Future : May 14>8G, Ktirlslundo Strand, IXmtnark. 
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Entering the Information Era 

The little silioon chip with its increasing capacity belongs to the 
discoveries which are bringing fundamental changes to education also. 
In 1971 a thousand bits of information could be housed on a single 
chip, in 1978 sixty four thousand, while by 1990 a milMon-<bit chip is 
expected. Fibre optics and sajtellite communication promise great contri- 
butions to the world system of communication. 

These techniques t.re* tngehtly rteeded since 'sdentijic^and ^hnlcal 
informtion is ^growing in most disciplines exponentially. In chemistry 
(1), for exaainple, over four hundred thousand papers and a hundred 
thousand patents are published annually. Over six* milUon coijapounds 
are registered in the Chemi^sal ^b^tra^^s Service Registry and aibout 
three himdned thousand new compoundis are added each year, i,e, about 
one thousand a day. The only solution is the constructix>n and use of 
computer-supported data bases. 

The construction of the first data bases supported by tl;ie computer 
started iii the sixties. They were at first designed for local, us€! ai?,d 
C/onstructe4 in natioi^eil langU)^ , , j 

In the seventies it h^mie clear that' for scientific and technical 
information too a ^jdtioal mass is needed to enable quality and effi- 
ciency in use ; a crittcal quantity of data, finance, equipment and 
spe<jiali^d staff, 

Thie re&ults of this awareness w^re efforts to combine small data 
bases into larger ones, which implied stand'flkrdization of the inijut and 
modes of retrieval. The Jiext step was logcoal : an interlinking of ^compu- 
terijDed data bases into networks and large information systems of an 
international character. In the eighties we can speak about i:he develop- 
ment of ap, infoquation industry. We ar^ entering the information erp. 

Over twto thousand computerized data bases of an international 
character exist tbday. Chemical Abstracts Search (CAfiEAJRiCtH) data 
base houses Inforpiation on over six million compounds and over five 
million papers. AXjtRICOLA <>fft}rs aibout two million data on agricultural 
publications, COMPENDEX one million on engineering. INSPEC covers 
over two niilli on electrical engineering pubjScations, MEDjLM^ has 
about five million data on publications in medicine and veterine. The 
multidisciplinary BIOSIS houses four million data on biology, medicine 
and veterine, TOXtJNE two million on pharmacy and pharmacology. 
The strongest, International Patent DocumenUition INPADQC, offers 
information on over ten million patents from 49 countries plus two 
international patent organizations. A num'ber of these and ot'aer data 
bases are parts of large r,ystems such as DIALOG, DAEC etc. 

From Fragments to Systems 

Computerizjwl technolojjy is opening up rapid access to scientific 
data. Yet not only the layman, but often also the leseaiT^her, dot^ not 
know what to do with large sets of data. Systems-tliOTking is missing, 
i.e. an organized way of linking bits of information into networks, trees^ 
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w"r2>Lvll'??^'"^"*^*'"^ 18 needed can best be illustrated by 
how poorly data ^ bases '«re used. Even in the most developed ciroutn- 

^^L^^l^'^^JT'^^^^^ "^'^y 5-10 per cent of tho^taZSl 
hTO ever been asked fer. This is^the i^on why sdme oaU da^ baVes 

iVT^^' T"^^^^^-^- ^'^^^^^ that X marke ts 

pootLZ^'"'^'"''"^'"^ hardware with -relatively scarce, often also 

.nri I^L'^r^JPf^?* ^ softktB does not require only ability 

% T ^^^^^^^^ have to\learn how to structure 

data into systenis, how to <>r«aiaize data into knowledge. Students slSuld 
nriw^^'l^^^ tiie^content. They should be encaur^^ to def^ne^ 

?Iria^s' tft'^ to search Vcommon^JS ^ 

vranabk?s, to define the hierat'chical brder ,c>f variaibles. to structure 

mP+iS'^^f^*'^!'^'*^ *° validat^^/t -^in fioVtV to usfS^ 

method of structuring^ d^ta and pattern recognition. ' 

Towards . Expert; Systems 

Expert systems are considered to be the top of computerized scion- 
•auc and technological dnforroatlon. .They are complete' pivjgrams which 
sXing ^^Ing'Of ^lailg« groups of facts leading ta, expert problem 

Examples in this f ielcj; are the oxpert systems fbr diagnostic purposes 
in medicine, design of computer system configui^ations, search for 
minerals, natural gas and oil, design of chemical syoiitheses, d^^tection of 
failures in electronic devices,, prMiction in market movements, etc. 

The main characteristic feature of these systems is that they take 
into account a number of parameters and larger amounts of data than 
possible by human brains. Although they cannot compete with the 
logic of a rt'searcher/they ai-e significantly better in , compar|ative anal- 
ysis cf large sets otdata and in coimbination X)f parametera. in scope 
and in particular in 'stpeed. ' . ' 

It could be said that a kind of knowledge engineoring' is being 
developed, which is still in its initial stages, but will undoubtedly 
grpatly infliaence the processes in research and education, as Well as 
solvmg problems in production and decision making. 

A secondary, but no less important, consequence .of the process of 
development of expert systems is the fact that knowledge onginccriniz 
catalyzes the efforts , in collecting, coding, exchange and appHcation of 
human knowledge on a world wide s<,'ale. This means that krowledse 
ongmeenng leads to the development of larger systems of knowled^, 
7. *h*** supports the development of undorstanding 
and efficient target-or^'nted acquisition of knowledge. Instc!>ad of acquiring 
tiny pieces of information, ma^f. of information will be introduced 
m science? education in future. They will be organised into systems. 
Which will on one hand showthe already -defined teletions and hypothc- 
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.tlcflUy forecaM; inew relatipnships on the other. Instead 'of a disordered 
search for the new, it will be possible, by the use of these systems, to 
dosipo rese^wvh; hypo^heaes ia»d with target oriented reseaiich to 
appiv ^sh inore quickly to the solutions. Intuition and chince will of 
pcm^ stili have . their role in research. But it is i also true th«t systems 
wHl iai)*iii finding knowledge much more quicklynthan it was possible up 
tin noWy in partiij^iliir , knowledge which has already ibeen discovered, 




EXPERT 
SYSTEMS 



appHcation the meUio^Jj* 
of iittlficlal intelligence 
~ ^iirtiflfidtlons, predictions 
~ testijlg predictions 



STRUCTURED 
DATA BASES 



determination of pavam(*ters in 
]?u'«e nets of data 

— defining Vlie !il»i*flrchy of * ' 
parameters 

7- structuring data into Miodular 
and tree structures 

— pattern reco>zniUon 

— desiiin of stfcitf*«i<^s and 

1ai'«el oriented daia search 
i 



FACTUAL DATA BASES 



V 



wslablishinx tlie characteristic 

1yp(»s of data 
— *^l^sMfying ihpm into .tiroups 
— cojtxijarntive data proceAsinw 
*-?;di>sign of *^trait)gioii for data 



BlBLIOGRAPHfC DATA BASE'S 



1 



— irnnsFtM* cif blblJo/^raphic data ^ 
onto c()mi>ut^r 

— d(HtMTn^hati(*n of ki^y words 

— in|nit of ahsti'acls 

— search accoiYi-ng to types of data 



TRADITIONAL DATA SOURCES 



— bf)oks 

— Journals 

— special s(M'ies 
roports 

-•^ patents 

>4rey literature etc. 
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bu^ which is hidden. Sti;ategi<? and technological secrets will become less 
ln«<?cessit!?le. TJjis will also -fiiye a totally oew io-Jt^pelus to oduoation. 
• Th§ blgh«f we.go up, tMs; diagcapi, the narrower. the fi&ld» since 
expert sjTstemS; are as a rule design^ for solving , a specific , type of 
problem, whereas structured data bases 'can be built on less narrow areas 
cf ^ field and are only afterwards interlinked to larger systems. Factual 
deltj, bas^s also h^v^ their Idmitati^ns, above aU in the possibHities for 
Input of ^d search ,f{)r data. Bibliographic data , bases, however cover 
usually; broad ^s. "[^he traditional data sQurces — journals, books 
special series, patents, grey literature — constitute the broadest basis 
of the Whole system. " 

* The following pliases am charactoiHstlc of expert system design : 

Phasfe ' Characterisitics 

i. ^finition of a probleji^ , recognition of . characteristics of the problem 
2.,Oonce5)tuaJ^zation search for laws and rules or at least for the reatlon- 

ships ih knoWl^ge necessary for the solution of a 
• ■' •■•■•problem '-I . ' ■ , 

3, Formalization ■ ' . ■ structurinf? <lat{i into sysKyms 

4. Jmp ementaition formulation of rules for the knowledge concerned 

o, j^sung cJiecking of rules ou .problemH captured in the expert 

'■■ ' system , j , ■ ' ; 

' Development of Methods of Structuring Data into Systems 

i The main reasons for lagging behind in use and design of data bases 
as well as in the development of expert systems, lie in education. Tra- 
ditional schooling is too often orientfed towards memorizing data (lower 
level), or to development of reasoning based on a relatively small 
amount of , data (higiier level)., E^e'ductions of rules and laws based on 
uirgfi sets of data are still unknown in our education. Without such 
an .approach yre of course do not educate for the use and desiKn of 
coinputeri^ted data bases. Therefore no wonder that what "little Johnny 
nas not learnt, John does not know and,, also does not do'*. 

, Let me give an example for structuring, data into systems at second- 
ly level : ii.pid5. Traditional study of lipids at secondary level includes 
the description of fats and waxes, phospholipids and glycolipids. In 
dealing with this subject ma+ter, emphasis is placed mainly on their 
component parts — on alcohols and acids in the former, whereas the 
more complicated components of the latter are only briefly mentioned. 
11 at all Due to the complexity of those compounds students learn only 
simple formulae, and the -norc cx)mplicated m'e usually not considered, 
pnsequently, it is yery difficult to deduce rules on the basis of such a 
limited amount, of data, and knowledge remains mainly on the lowest 
level — memorizing. / 

- In structuring chemical data : 

— students use textbooks and find the formulae for different lipids ; 
fate and waxes, phospholipids, glycolipids. Tht^y construct a fjlo with 
simple formulae, and the more comiplioated are usually not cousidei'f.d. 
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-^ 'thW followed -by ihe search for oonihion partes) ih <ttie tot- 
lAulae *f thfese lipids. They will find glycerol, mondhydroxy^alcoh Is 
and sphtngosinle, as ^wej a^'a nwntoer of tJarbocyclic acidfe bound in Lie 
lipids f they will also find phosphoric acid ; amino-alcohols and cat^bo- 
hydi^teisv ' • " • ^' - ♦ ' * . • - ' • t 

~ this coWd be followed by a diicmsion of >krhat the criterion of 
higher hierarchical ( rde^r is, e.g. alcohol or acid ? Students shoutd try to 
build, a tree givind first the higher order to alcohol, arid next giving it 
to the acid part. What are the' differences between the two sjrstems ? 

— they can' try to use the data available to coi:|.strubt an overview, 
e.g. Table 1. 

It is not the system , produced, r but the effort of structuring 
data into systems which really counts. The student is put into a situa- 
tion in which he does not only learn from one source, but searches fo^* 
new data in different sources. He does Hot only meitiorize chemical 
data, he is usr.-ijyf ' them to seai-ch'^ for interrelationships. In this way he 
develops higher cognitive levels, i.e. an analytical mind, meaning the 
ability to synthesize data, 'to recognize the interrelationships and to 
evaluate both ^ data and Systems, ' 

A number of other examples for secondary level could be given, e.g. 
attempts to build a system of acids and bases, hya:ocarbons, oxidations 
and reductions, types of oi'iganic reactions, i^tc.T> ma, a system could be 
constructed around the structural parts of a cei tdin group of compounds, 
around types of reactions, different properties, spectral data, isolation 
procedures etc. The basic condition — a sufficient £\mo.unt of data 
has, however, cdways to be fulfilled: 

An example at the university level is illustrated by efforts to search 
for a system of optical brighteners. In this case, the student had first 
to study phenomena like 'the relutiOhehip between colour, absorbtion 
and emission with fluorescence the special case. This was followed 
by the collection of data on oprtical brighteners, usihg traditional sourfces 
of information, as well as computerized chemical and patent data bases. 
By analysis bf the structure Of optical brighteners it was found that 
stllbono derivatives are present in sufficient number' to fulfill the con- 
dition of'a critical amount of data for or the use of structuring data and 
the pattern recognition method. The structures of these comtixmnds wore 
then aiialysed in detail, comjcnond part^j and variablt^ wcix* r^^^cognized 
and t'hpir hieiarchical oixler d^i^.ormincd. The following fragment (Uiible 
2) of the system i^roducod offers an illustration. 

The work on the^ sy&teni' of optical brighteners is being continued 
by talcing fluorescence as the crucial criterion with the inUmtiOn of 
searching for a pattern in these co'nipouiids ot deix^ndence of fluorijs- 
ccna* on thenr structure. Thus, the teaching and learning aspects are 
combined with research directed towards the undierstanding, of fluores- 
cence in relation to chemical structure, and including an industHal intef- 
rest an the synthesis- of optical -brighteners — stilbene derivatives/* '' 
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An example of structuring at secondary level : LIPIDS 

C„Ma,«CH-OH • - 
I 

CH - NH - CO - Cj,H4, 

CH, - 0 « p - 0 - (CH,)s - N*^- CM, 
O- CH3 



CH,OH 
I ' 

0 - CH OH 

CHj - 0 - C H HO C 
J M 1/ \ 
H C-C H 

1 I 
OH H 



CH - 0 - CO - CtjHj, 



CHj- 0 - CO-C„H 



3S 



C,jHj,- CH-OH 
I 

CH-NH-CO~C„Hja 

CH,OH 
I 

0~CH OH 
t \ / 
CHj - 0 - C H HO C 
\f\ 

H C-C H 
I I 
OH H 



CH,- 0 - C0-(CH,)i«CH3 
I 

CH - 0 - CO - (CHj),-CH a CH-tCHjIyCHj 
0 

II ♦ 
CH,~0- P - 0- CH,-CHj- NHj 

0* 



Table 1 

Examples of formulae 01 lipids learning by heart would 
give only short-term success. 



H — New information 
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C«H25-CH-0H 
CH-NH 




PH. — 0"- - 



0 ^ 

0 



H 
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• o 



1 
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;h-oh 

■ 

:h-nh- 

:iH2~o- 











CH.-O- 

HvV--- 

CH - Oj 












i 









Table 2 

Recognition of constituents in the formulae of lipids — students 
observe and recognize parameters and establish their hierarchy. 
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H Carbohydrate 
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Table 3 

■' The modular system at secondary level showinig 
interrelationships between individual i>arameters. 
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♦ found In d>amJjcal and/or patent literatur« 

0 pnslJction 

01 found after prediction 

Table 4 

System of optical bri^hteners on the basis of stilbeno (fragment) 
University-Industry Cooperation 

The method of structuring data into systems and pattern reoopjnition 
is essential in the developmental efforts of industry. There is a flood of 
patent an 1 scientific information, among which there are also data which 
can be misguiding and may lead one in a wrong direction. In recent 
years the publication of strategic, both technological and economic data 
is increasingly limited. Therefore methods enabling hypothetical predic- 
tions are becoming more and more necessary. 

An example in university-industry cxK>peration is the .search for 
the backbone of the technological process in microencapsulation of a 
new technology for which in recent years alone more tlian two thousand 
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patents'have been Issued. It is of course impossible to deduce the essence 
of the whole procedure from single patents or small groups of them 
Kinoe patents deal only with parts of the process, and even here the key 
mform^tion is hidden to the greatest possible extent. 

In, the search for-pattefns we statted with the largest number of 
patents*, which ,were acoessible. This was followed by an analysis of 
subsets of data from about a hundred patents. Each procedure wa' 
structured into a ,h3 Dothetical "backbone'* of the successive technological 
operations.,. i . & 

vertical line there are four phases, for which it was 
first supposed on the basis of data analysis to be unavoidable parts of 
"backtSS^?^ ^ process. ' Which are the other parts of the 

By superimposing those four diagrams, the phases which occur 
several times can -be: Jecognized. The greater the fit of processes for an 
iadiyidual phase, and the higher the number of patents studied, the more 
pwbable the 'hypothetical backbone" of the process which is deduced 
irom the parts of the diagram obtained by superimposing the different 
patent structures. i 

The same applies also to defining the probability of a value of an 
indrndual parameter within one phase, e.g. temperature. 

''"'"^^''^ REACTION TEMPERATUflE OlvEN 



PATENT 1 
PATENT 3 
PATENT 3 »- 
PATENT 4 
PATENT S 
PATENT X 



I t 

t I 

-n — I 



i I 



I I 

-M i 



Table 5 

The vert^al dotteo- lines show the tenxpemiture intet^al whei-e ail 
the pixKiedtires meet, i.e. .the most probable value. 

Backbone of the Method 

In general, the following stages can bo defined in the method of 
structuring data into systems and recognition of relationships and 
patterns : 

.1. Dc^finition of the problem and subproblems 
e.g. ; How t(^ improve the existing technology ? 
The s-ubproblems are : 
Which variants for thiis technology exist ? 
What are the alternative technologiGS ? 
Which producers use those technologies ? 
What are patents, offers of licences like ? 
Etc. 

In short, we should formulate such questions as would lead us to 
the sources of suitable data. 
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•J, Collecting data 

Use of special publications, journals, patents, industrial offers, etc. ; 
profile design, search through scientific patent and marked data 
bases; 

3. Analysis of the collected documents 

Soarch for the structure of each process, definition of parameters ; 

4. Comparative study of each parameter and its relations ; 

5. Search for common characteristics, building up hypothetical 
patterns ; * . 

6. Stating hypothetical predictions on the basis of patterns and 
' their check by experimental work. 

Design of Computerized Data jpiases as a C^^aiponcnt of Education 

The method of struqturiijg, mentioned above always requires a large 
;)mount of data if it is to be efficient in research or in development. 
This means that along with each approach to the vise of such methods, 
we actually also became involved with the design of specialised data 
bases. 

Therefore it is necessary to start constructing and using compu- 
terized data bases in school, e.g. for data on energy, metals, non-metals, 
reaction processes, rise and fall of prices, et<'. Only on condition that 
both, the teacher and the student, are exposi^d to such data bases which 
offer the required data and comparisons between them within a few 
seconds, can we expect them to turn to higher levels of knowledge, i.e. 
to the understanding of data and their interrelatedness, as well as the 
use, analysis, combination and evaluation of data. 

On the levol of higher education, the buildiny of data base?^ is an 
imperativi>. These are of cx>urse specialized data bases for problem- 
oriented tasks, for which the bibliographic data base is only the first 
stejj to a factographic and further tx) a structured data base, leadin^j 
finally to the dovolopment and incorporation of at least some elements 
of expert systems. 

Education for the use of data bases is therefore not only leaminjj 
how to find information quickly on what has already been disc<wered; 
Such an approach would soon convtM^ th(^ initial enthusiasm to laclc of 
intorpst, due to the disillusionment eaus(><} by badly designed searching, 
which leads to a costly and excessive number of hits with little value. 

Data bases in education become an indispensable pai't only if they 
are not just a colk^iion of data, bul the first step towa)>ds higher levels, 
presented in the diagram on page 166. 

This however requires a different way of thinking and tlierefore 
aLw a different kind of education. We nave to establish a transition : 

- from dealing with separate data '.o dealing with sets of data. 



167 



SEARCHmO FOR PATTERNS OF I«SrOWUEDGE IN SCIENCE EDUCATION 



— from putting together small numbers of variables to building 
systems with large numbers of variables, as well as, 

— from insufficiently organized searching for new knowledge to a 
tong-4erm, carefully planned collection, arrangement and combination of 
data mto systems which are directed towards well defined disciplines 
or developmental problems. 
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^ _ The literatm-e of the ly«-t twenty . years has described many projects 
which have explored the applications of ' information technology to 
medical education and training. A variety , of different approaches and 
techniques have been developed, reflecting diverse educational objec- 
tives. The projects have ranged from little more than the computerisation 
ofVpage-turning' of a text-book and the presentation and marking of 
MCQ tests, to complex mathematical simulations of body mechanisms 
and clinical treatments.. Fofmal evaluatioiw of such systems have been 
reported, including often very positive accounts of favouraible i-esponses 
from users. However, few of them have been used fur beyoiid their 
places, of origin and few have survived long in use. 

This rather unhappy situation can be attributed, to some extent, to 
the sheer pace of change in computer technology itself, ar.d to the 
computer users' changing perceptions of what constitutes an acceptable 
device or manner of operation. Technical developments in miorocompu- 
tere, computer graphics, databases, interactive videto and techniques of 
artificial intelligence have driven the field forward, leaving a trail of 
now obsolete systems. Many educational software developers — some 
simply enthusiastic individuals, others members of large teams — have 
found themselves unable or unwilling to devote the time and energy 
necessary to keep pace. The products of their labours have thus gradually 
become remote and unusable, being now either technically ob.solete, or 
outdated in content or educational approach. But the early demise of 
such products may also be considered, in part, an implicit 'evaluation', 
in the market place, of the educational benefits derived, ease of use and 
value for money when compared with traditional teaching methods and 
other priorities for educational research and development. 

It is interesting to note that the same general picture of widescalo 
experimental development of soiftware, limited success in its dissemi- 
natioln and short useful lifetimes, is found in the wider liv^^ature of 

•- -* I UJ L- ■■■II 
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medical applicabions of information technology. For educational develop- 
ments, there are, of course, somes special considerations. An important 
one is the means available to publish software and to communicate 
knowledge both of its content and of the changes in organisation and 
approach to teaching which may be needed if teachers are to use it effec- 
tively. Without sharing of this knowledge, effective development of 
educational software is not possible, proving prohibitively expensive for 
individual institutions to cQi>t^ipp}at^ alone-. .Such aspects wil][. not be 
considered further here. 

A useful account of early developments, mainly in the United Sta- 
tes, was that edited by Deland (Deland, 1978), A recent publication 
(Association of American Medical Colleges, 1986) cc»nsidered the impli- 
cations for medical ^uoatipn of wider oevelopments in the field of 
Medical Informatics. Thvo review will consider areas where important 
contributions have been made in exploring potentially distinctive roles 
of the computer in medical edoicatton. It uses examples of pioneering 
work in the field, Some of the ' systems described have since been 
recreated in the form of new hai^ware . and software impletnentations, 
with little revision to the content, but taking advantage of new opportu- 
nities to raiprove the visual impact and ease and pleasantness of use. 
In some cases such enhancement may, indeed, make the diffeaence 
between an acceptable and an unacceptable system. The review seeks 
to highlight lessons which haYe been learned and to suggest where limi- 
tations on further progress may lie. 

There is a relationship between progress in research in medical 
informatics, which impinges on everyday problems of medical practice 
(in such areas as clinical decision analysis, biological signal processing, 
database systems, imaging, -simulation of body mechanisms and clinical 
procedures, and artificial intelligence), and the potential for useftil appli- 
cations of information technology in medical edwation. There have been 
interesting examples of systems which fulfill a dual role in medical 
practice and medical education ; such systems, having gained acceptance 
in medical practice, may, more readily, be accepted as relevant to 
medical education, because they are seen to complement and enhance 
human capabilities. 

Case Simulations to Illustrate Procedures in Diagnosis 
and Treatment 

Systems of this kind aim to simulate a clinical encounter, witli tlie 
studcnl assuming tlie role of the physician and the computer pro- 
grammed to respond with information about the patient. Several 
extensive projdct^ have bt;en i*eported ; the most general and elaborate 
early systems were those of Harless, Dpennon, Marxer et al. (1971) {thc^ 
'CASE' sy$tem) and of Friedman, Korst, Shult/ et al. (1978), both based 
on 'mainframe' computers. The implications of this work for tlie assess- 
nxmt of clinical skills have been well summarised by Senior (1976), 
dt^cribing the CBX project, and in the report of the Office of Technoi- 
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ogy Assessment of the U.- S. Congress on 'Computer Technology iii 
Medical Educatidn and Assessment' (U. S. Congress^ 1976). In recent 
yeajs niany siimiMr systems have been implemented on micro-computers. 

Accessing the' /CASE* system through a computer terminal, the 
ktudterit progressed ; through various stages to determine the clinical 
history, ' phvsfcal findings aild ; lafebratbty ' test results and, when 
ready, ent^i?ed a diagnosis and suggested treatment. The cx>mplete 
'encounter* was scored by the program, using criteria provided by the 
author of^the individuarcase. This score reflected success in eliciting the 
importtoit infoitnation and the efficiency with which it was achieved 
(avoidance of irrelevant questions). ' ^ 

The CASE system was notaible for its use of sentence parsing 
methods, which allowed the student to respond ffeely, without being 
cued, to choose ttom a range of possible responses. This was nqt wholly 
iuccesaftal,^ partly because of the extreme ^difficulty of devising natural 
Idhguage parsing algorithms (on which work continues still) able to 
correctly identify the essence of the student's questions, which might 
be expressed in such a variety of equivalent forms. The computer 
devoted mfuch processing-time to this aspect. The emphasis required on 
accurate typing and spelling also diminishes the perceived ^f riendliness'' 
of such systems for many users. 

The system of Murray, C3upples, Barber et al. (1976), in common 
wi.:h/that of Friedman et al. (1978), included & simulated clock which 
was used to help represent time-dependent constraints ; for example, 
how long it would take to perfom;i and report on an investigation. It 
was also used to, effect gradual changes in the condition of simulated 
suibje-cts, albeit in a rathei* simplistic rtianner. 

The systems considered thus tar have all required a detailed data- 
base to be cpnstructed to describe each simulated case. A rather simpler 
approtich is illustrated by problems designed to teach specific clinical 
techniqfues and procedurjes ; an early example being the work of Hoffer, 
Barnott and Farquhar (1972) on the principles of cardio-pulmonary 
resuscitation. This took tlie user through the events following a cardiac 
arrest and gave e*xtenslve guidance on the correct procedures for clinical 
management. Six possible ECG rhythm disorders were discussed with 
reference to traces contained in an accompanying handbook. Similar 
exercises were, developcxi for problems In general medicine (Farquhar, 
Hofff?r, and Barnett, 1978), general practice (Murray, Cupples, Barber and 
Hannay, 1976), as part of the United Kingdom National Development 
Programme in Computer-Assisted Learning, and in anaesthesia (Kenny 
and Schmulian, 1&79). 

Both published and Informal reports on these systems indicate that 
computer-asslstt^d learning software of this kind can hv a stimulating 
resource for students at many levels. It has be^n used for individual 
study and splf-assessment and in small group teaching, and has useful 
potential wliore qualified teachers are ^n short supply. However, the 
actual contribution made to most medical curricula has been quite 
limited. The? range of infomiation Which can be represented realistically 
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in 41)0. 'encounter' has. often been clearly deficient and can, of course, 
pevt'r, enooTnpf*3s the full experience of, tallcin^ to and finding out about 
the . problems of i:eai peopl«?« The \is^ of associated work-^books, com- 
putisr-^opn^roUed slide projactors, and interactive video techniques have 
gradually mi\de a niore coTwpl'^|e present tion of the case .possible, at 
the price, however, of iyitjvducing moire technically complex equip- 
ment, which i« 3on\etimeG not easily operated and maintained for 

An early applicatiw of the interactive videcdisic v as for teaching 
cardiop'jlmonary resuscitation {Bsm, 1982), in M<> case linked to , a 
patient it?annikin. Other piont.-ering work of note has beejn at the 
United SUifx^ N-itional Libirary of Medicine and the Georgia School of 
Medicine (Abdnllali, Ny^tkina and Henk^, 1984), THie recent develop- 
ment in yidwUisc &m cpmpac^ di.^^ technologies lend themselves to the 
clesjgn of much richijr coipcsputei^asaisted learnmg materials, for a wider 
range of applications. It is toeeonjing increasingly possible to piwide 
Imniediate acco&r, to 1-irge, amotuits of informa*i<in. and, witli more 
flexible software iiy»im% to allov^ the student considerably more free- 
dom to find his or her own pathway through tl;is material, free also 
to make mistake? in dealing with sitviations , encountered and to copw 
with the consoquenceii of such mistakes. . ' 

I't wouia be premature to comment on the extent to which this en- 
hamred technical and educational potential may pr<»ve effective in 
praciko, although significant bsnefitu have been claimed in well defined 
me'ds of industrial training, A number of experimental videodisc pro- 
jects, including ri?source discs devoted to collections of medicJil slides, 
and discs <rombining still or animated image?, filmed procedures, case 
preaf ntations and baokground resource material, are being developed and 
Evaluated in use. Enthusiasts have often held that the 'next foreseeable', 
iehnological feat will provide the key that unlocks effectiv^k educational 
applications of information technology, but past experience justifies 
caution i Such equipment is expensive and, for successful marketing, 
much will depend on the richness and variety of resources to which 
the puriihaser gains aa:ess ; often the cost cannot be justified for a 
single application alone. Tliis is a strong reason for seeking to foster 
mutual compatibility in medical educational software developments. 

The evaluation of new educational m.*thods is recognised to be a 
very difficult task., Medicine presents the ad<jed complication that the 
assessment of cUnical skills is not in itself a well formalised process; 
tlius it has been found extremely difficult to co-tixitmct reliable objective 
tests and sc-oring methods. Friedman et ol. (ni78) could not correlate 
assessments of students bas«j on use of Ihdr system with traditional 
methods of assessment. Much effort hus been eXix?nded ix\ trying to 
develop acceptable objective methods of clinical assessment. With prog- 
ress in such areas, oomputev-based case simulations may be expt^-ttxl 
to find an increasing role in medical wlucatioUK 
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Statistical MIodels for Guiding 'Clini^l Decisioas 

The application of statistical models to the analysis of complex 
medical dfeoisions h«s -been wid^y- investigated <Skene, 1984). Clinical 
trials hafve been conducts to study the efficacy of such techniques 
in everyday practice. S^jiegelhalter (1993) provided a useful aooount of 
approafches to evaluation of clinical decision aids. 

• Art earty example of the appMcation of these ideas iii medical edu- 
cation was the work of Warner, Wooley 'and Kane (1974). Their promm 
incAi-porat^ a database with o6hditional probabiHty information relat- 
ing observed symptoms and signs to diagnoses. A disease was selected 
at rand<^ from the database and a representative .limulated case 
generated. The student was given the patient's age and sex present- 
ing complaint relating to the highest probability ' symptom in the 
disease. He or she was then asked to select from a list of possible 
diagnoses using the given information, and subsequently to choose amon? 
questions which might be asked or tests which might be requested ac- 
c< -mng to their relative discriminating power. This cycle of Operations 
>vas repeated until a definitive choice of diagnosis could be made The 
system cues the student's responses, to a degree found u^ ceptabie bv 
some teachers. 

Research into the use of mathematical approaches in clinical deci- 
slon-makin«[ may ;be exjjected to imffringe on teaching only to the extent 
that the methods gain acceptance in clinical practice. While a consider- 
^ l!ui * *Hr^ in this area, again few systems have been trans- 

ported^ far beyond th^ir places of origin. Foi'mal evaluations of such 
methods are an important means of assessing their value but, as with 
clinical trials, can be difficult to desiij- and to interpret. 

The evaluation published by Warner et al. (1978) concluded that, 
*^yj"^,v"^^"^''* of assessment cho'ien, the students did not gain sie- 
mticantly from use of the computer system, in comparison with othor 
traditional ways of developing the problem solving skills concerned On 
the other hand, a multi-centre trail of the methods developed by De 
Dombal lor assisting the differential diagnosis of the causes of acute 
Si Wagnosis of Acute Abdominal Pain, 

"^HSS, 1986) showed well substan- 
associated with their use In clinical pra tice. These were 
quantifjed In terms of diagnostic accuracy, avoidance of serious errrors 
ot diagnosis and management, and economy in use of resources. T' .> 
was also a clear indication that staff using the system gi'adually 
proved their own independent skills in this area. 

Tlie work cited here appe-'-i to demonstrate a potentially valuable 
educational role for clinical decision aids. But it should be appreciated 
H-«at the long-term inter-disciplinary effort and pioneering commitment 
required to develop and validate these metliods bar. been corisiderablo. 
It api^Jirs to have been more fniitful to concentrate on solutions to .sfx,"- 
oific problems, rather than on the development of general purpose tools. 
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Dynamic Model^. af ;.I!^t}^jp|iysip'l<^^ Assist 
Understanding of Overall Function and Control 

The of dynamic models ba§ developed at many levels of medical 
teaching. Models usad range from very simple descriptions involving^ 
perl>apa just one differential equation, to extremely large and complex 
non-linear models. Typical examples with v^ry specific treatment ob- 
jectives were the m;^nagement of <Jiaibe);i|C keto-acidosis (Inooie, Kajiya, 
*Ina<;ia et al, 1976), control of anticoagulant therapy (Shein^r, 1969) and 
the control of digitalis therapy (Aida, Minamikawa^ Takai et aL, 1977). 
The most wide-ranging single program developed for teaching in ploy- 
siologv and pharmacology is the model *tiuman' developed, by Coleman 

The task of building ^ accurate model of a sy&cem as complex as» 
for example, the human circulatory system is extremely formidalble and 
limited in many crucial respects by lack of knowledge as well as by 
mathematical complexity and intractibility.^ With fundamental knowl- 
edge <4 5uch systems still lacking, models nrnist be treated as hypothe- 
tical. 

A classic early example of the modelling of circulator}^ system con- 
trol mechanisms was that of Guyton, Coleman and Granger (1'972). One 
of the earliest and still, perhaps, the most sophisticated mathematical 
models developed , for medical educ^itional purposes is tjhe Tluidmod' 
(tDeland, Winters, Dell, and Zupkerman, 1972) describing equilibriiun of 
fluids and electrolytes ii) the body and disorders of metiabolism and 
excretion. This has at its core a simulation of the biophysical equilibria 
concerned with the distribution of fluids and electrolytes in the plasma,, 
red cells and int'TStitial and intracellular fLuld. llie system .has an 
elaborate interfa9€ for describing treatments and any losses, of fluid 
and electrolytes not modelled by , the system. Thus quite, elaborate si- 
mulated subjects can be generated and the student challenged to 
provide appropriate therapy over i^iany days. 

Models of circulation, res^piration, body fluids and electrolytes and 
clinical pham:acokinetics have been developed at St. Bartholomew's 
r^odL'al College and McMaster University Health Science Centre over 
tlie past sixteen years (piokirupn, Ingram and Ahmed, 1986). Thes* have 
lound a wide range, of medical applications, in preclinical and clinical 
te.^ching, postgraduate courses, and raore widely in the teaching of the 
Mfe sciences. Perhaps the best known of these is 'MacPuf' (Dickinson, 
1977) which simulates lungs and airways, pulmonary circulation, and 
gas exchange based on a Riley 3-compartrnent model. Gases are trans- 
ferred to arterial blood, and passed round to the tissues, where oxygen 
is extracted and carbon dioxide produced, aft^;^r which the blood returns 
to the lungs. The carriage of gas4:>tt in the blood is governed by mathe- 
matical expressions descTibing the oxygen and carbon dioxide dissociation 
curves, taking account of temperature, haemo^rlobin, packed cell volume, 
and acid-base status. The storage of gases in the tissues is based on the 
best available tstimates of the mean tissue dissociation curves. Ventila- 
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tion can either be 'artificial', in whdch ca§e rat^ and tidal volume can 
be specified, or 'natural', i.e. con,trolled by icnown influences, upon ven- 
tilation of Pa02 and PaC02. There is also an additional central neuro- 
. genie drive, no^maally proportional to tissue oxygen consumption, which 
can be increased to simulate incirease4j reflex drives from the lungs, or 
reduced to simulate narcosis or anaesthesia. If the tissues acquire an 
oxygen debt, proportional anaerobic respiration results in generating of 
lactic acid and carbon dioxide at appropriate rates. ' 

Extensive teaching materials in respiratory physiolt)gy, anaesthesia 
and intensive care have been developed using the program, which has 
been linked withf an autnot system (*MacAid'). This work has been 
descriibed in a nowriber of publications, including Winds, Ingram and 
Dickinson (19a2) and Skinner, Knowles, Amistrong and Ingram (19®3). 
Microcomputer versions of the ^MacHseries' programs, incorporating 
graphic disfplay and other revisions and enha-iicements have been devel- 
oped over the past three 'years. The author system enalbles output from 
simulations, videodisc images and bther information in text or graphic 
form to be combined on the screen. 

Whereas one must accept that no model can be regarded as a per- 
fect representation of the biological reality, nonetheless the structure 
and function of many^ biological systems is usually taught in terms of 
idealised quantitative representations (or models) which usefully encap- 
sulate and cohvey aHpects of the lunttion of th6 system with adequate 
quantitative precision and rigour. Quite simple hiodels can be used" to 
illuminate aspects of drug kinetics, haemodynamics and respiration. 
Such mGdels have been found helpful by many students, particularly 
those used to the quantitative approaches of the physical sciences, When 
first comiflg to « grips wiith these subjects. Randall (IftSO) documented a 
useful collection of models of this kind.' Their role and power is in 
helping to bring to life khe underlying idealised concepte.. usually by 
setting problems for the student to explore, in a setting simito to 
laboratory practical work. 

Once these concepts are understood, models can only fulfill a useful 
continuing role in clinical teaching, it they provid'e something of direct 
relevance to clinical practice. Hoffer (1973) proposed four criteria which 
he felt should be satisfied by simulation modejls if they. were to be of 
educational value. These were : 

(i) Tho clinical situation modelled must be amenable to simplifica- 
tion ^md modelling on readily available computers. 

(ii) Poorly quantified areas of medicine Should be avoided. 

(iii) The subject area must have enough clinical importance to 
warrant the effort i) .volved. ' . 

(iv) The subjeut area must be rich enough in varia)ble parameters to 
provide students with a wide range of decision-making choice and hold 
their interest. 

This pragmatic advice provides a useful counter to over-euthusiastic 
mathematical modelling of body systems and attempts to use su/Sw 
models to enrich teaching* Readily available computer systems (?an 
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now run quite' elaborate simulation programs at a speed accept ble 
for interactive use by a student working at a terminal, and at a 
fraction of the cost of the mucii largei* computers which would have 
been required before, txj achieve the same performence. However, 
complex models tend to be difficult to use. 

Nomograms and Algorithms to Teach and Assist Diagnosis 
.' of Specific Clinical Disorders 

In well quantified aspects of medical practice, the computer may 
be used as a tool to guide interpretation of measurements and choice 
of treatments. A typical example in this area is that of diagnosis of 
acid-base disorders. The program of Goldberg, Green, Moss Marbach 
and Gartfinkel (1»74) ased blood pH and carbon dioxiidfe content or partial 
pressure ~ to define the position of sampled blood in one of 30 discrete 
areas on the pH — PCO2 plane. They defined regions of acute or 
clironic respiratory acidosis and alkalosis and metabolic acidosis or 
alkalosis. Supplementary clinical measurements v ere then i«qijested, 
for example serum electrolytes or bl<?od glucose.' The management of 
fluid and electrolyte disorders and specific problems in drug prescribing 
have, been tackled using , similar techniques. The system/ of Bleich 
(1,97<?) provifie^ an interesting exemple o| an approach wich employed 
complex reasoning about measured data and guided the user to elicit 
and enter new information to reach a logical a^essir jnt of the patient's 
conditirn» a forerunner of today's expert system but not developed with 
th« gen jral purpose software tools now available. 

Such systems .have relevance both for the practising clinical and 
for the trainee learning the techniques. Bleich's system could be turned 
round to operate in a problem-solving mode where a particular example 
of a disordered state was presented and the student guided through 
the procedures for identifying and treating it. 



/'artificial Intelligence 

Research into "artificial intellijjonce" in the area of inferential 
reasoning has led to progress in developing systems which make sys- 
tematic use of predefined rules to draw conclusions on diagnosis and 
treatment (Schoolmar and Bernstein, 1978). Pionnering examples of 
such approaclies Were the 'Mycin' system for guidiug choice and pre- 
scription of antimicrobial drugs (Shortliffe, 1978) and the .more general 
purpose 'Internist {Caduceus)' program (Pople, Myers and Miller, 1975) 
designed to assist diifjnosds of a wide range of clinical conditions. A 
potential educational value of such systems is tlie possibility to make 
manifest the reasoning process employed in each case. 

Such systems Would, if adopted, have wide-ranging implications for 
clinical education and practice ; many would oppose them in principle 
as potentially damaging to human relationships and to the development 
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of.hurnan exportiseiu'Thc^ghtful dte^^ of., such matters may be 
fQun4 m an 1S8U€ of the Journal of Medicine and Philosophy devoted 
to the Mtopic, edited by McMuJlin (McMuUin. 1983). At present the 
techmque^, available find their ■ most persuasive use in Well defined 
^""^ impressive examples of performance . of such 
systems have been reported in a variety of areas, some in medicine 
^InH^i^'^^f '^^^ ?^ performance has been slow to imp ove and 
ex^l^^Jdifdl^S ^^^^^^^ ^" medicine remain to b? 

Some Reasons why Computing Irtnoyations Have not Succeeded 

^ In an editorial review published ir; 1977 (Coriiputers and Biomedical 
Beseareh, number IQ. 1977). results of a survey of medical computinif 
projects repprted in the Uterature over the preceeding years were- 
described. This revealed that only 19o/o of these liad advanced to routine 
use and, 510/0 \Yere no longer funded. The main reasons for failure to 
prosper were summarise(J as follows : ' ; . 

.<i) The «}ystem had poor facilities for interaction with the user It 
did not exceed the user's pwn capabilities and therefore had only 
novelty vajue. ' ' " * 

(ii) There. was no direct impajct on patient care. , 

(iii) The system was , poorly designed from the point of view of 
maintainancc and portability. , , , i ^ view or 

too dif ficUt "^^^^ subsequent change and updating of the system 

"^h? 'Signers had failed to learn from their own and other 
people's mistakes. 

n.i.f'^"''^ criticisms reflect unclear or inappropriate objectives, inappro- 
witrjl'io^?}?""??^ technology and partly simply human fXig. 
^Sl^ ^^th the difficulty of disseminating educational materials, when' 
h^ bC^'nr.'^^ different hardware and software systems 

has-been practically impossible to achieve, we have some of the 
fundamental reasons for the slow progress in use of LiipSm as a 
resource in education and training. . computers as d 

Conclusions 

In seeking to be objective, and realistic, this review may have 
straye^d into an overly pessimistic portrayal of the prospects for medical 
educational computing. The potential is dear and exciting but achioviufi 
that potential will continue to demand skill, perseverence and powers 
of persuasion of the highest order. Some areas of continuing development 
in the field cdn be clearly foreseen — for example use of new audio- 
visual media (such as the videf)disc) In case studios, to provide an 
opportunity for more realistic representation of relevant clinical informa- 
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tion and as a rich archival resource of a wide variety of images, film, 
and databases, readily available for interrogation. Others cannot be 

fooreseen as they will iarise from progress in other fields progress on 

techniques of three^rdimeiisional reconstruction and display of medical 
images would find valuable applications in medical education but will 
not come about through efforts in medical education. 

In summary, whether the whole of higher education will be revolu- 
tionized by information technology within 10 years, as has been suggested 
by some, or whether at the other end of the scale, the iihpdct will^be 
slight and slow to develop still seems impossible to judge with any 
certainty. Some medical sd^oqls (notably Harvard in the *New Pathways 
Prbgramme') are persuaded of' the importahtie ^ of information technology 
in meeting, the educational needs of the next decade and 
are actively developing ideas for a new curriculum to explore and 
use it to the full It does s^m inevitably that all students will, tl^rough 
various avenues, hav^ access to latge, amounts of cofnputer-ba:Sed educa- 
tional material of varying quality (as with books or any other educa- 
tional resource). Thus, the importance of good standards of program 
design, documentation and portability cannot be over-stressed. 

Finally, the achievement of the educational potential of information 
technology will depend most of all on the attitudes and actions of 
teachers, and teaching methods, as with many professional disciplines 
and for some good reasons, are not lightly or quickly changed. It seem^ 
likely, therefore, that growth in effective educational use will be slower 
than in other more clearcut areas, such as in business teaining applica- 
tions. In medicine, the emphasis placed on such new approaches will 
develop hand in hand with information technology securing an accepted 
role in everyday medical practice. 
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PATIENT SIMULATION BY COMPUTER 
C.A^j;.S., SOFTWARE FOR THE CONSTRUCTION 
OP 'COMPUTER 



fJugoA.VER^EEK 

Leiden University, ISbe Netherlands 

1. Introduction 

The form of instruction best described as discovery by trial and error 
Is often recognized as the best way to learn, certainly when skills are 
Involved. i 

'Trial and error' cannot, however, always be applied when the 
student is actually at work, as many skills do not allow of errors. Just 
one is fatal. Pilots learning to fly Jumbo-jets won't have much chance 
o£ getting up and dfusiteng themselves odttf and starting all over again if 
they happen to commit an error at 35,000 feet. ■ • 

Much the same objection applies to training medical students in 
healing skills, the difference being that when they commit an error, 
the patient is the one v/ho has little chance of getting up and walking 
away unharmed. The use of cockpit simulators to train pilots led lo 
the idea of creating a simulation program for future doctors. 

Various forms of simulation can be conceived. We are all familiar 
with the practice of using a doH in obstetrics. Other examples of simula- 
tion, are PMP (Patient Management Probiem) and the simulated patient. 
The arrival of the computer has brought us an aid opening whole new 
vistas for simulation. Gdmput«r technology . will undoubtedly continue 
to develop. Computers which listen, and talk Ue just over the horizon, 
but even if their development did not progress any further the 
opportunities offered by the present generation are more than enough 
to allow of many applications in medical studies. In short, present-day 
hardware offers us more than sufficient opportimity but the lack of 
software forms a bottleneck preventing us from making i,inytliing more 
tlian a very partial use of the poteraial offered by educational computors 

Various people have thought of writing paient simulation programs 
before, writing such programs involves a lot of time, which ha«; proved 
to be a difficult obstacle when trying to ouild up a well assorted archive 
of a variety of disorders. If we wish to offer students an opportunity 
to train in diagnosis and treatment, then we must have a good selec- 
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tion of 'computer patients' at our disposal from everj'^ field of medical , 
specialization. All those disorde^rs appearing regularly in each field 
must be represented, and even, as far as is possible, a number nf 
different patients displaying the symptoms of one particular disoi-der. 
If this condition is to be fulfilled, a Faculty of Medicine moist have 
rr my hundreds of cases at its disposal if it wishes to build up a well- 
assorted fdie of oomiputer pationts. 

Writing one case as a computer program take^, in cur experience, 
200 to 300 hours. At this rate one. Would have tb invest tens of 
man-years to build up a fili^ of ^eyerpl hundjwi c^ses. The Depaiitn^nt 
of General Surgery of the Leiden Faculty of ]\^pdicine has attempted 
to solve this problem by switching from *Desp<iKe tailored' work - - 
writing a separate computer program for each patient — to a system 
one might call 'ready-made' production. We h«iive )iad to accept that 
some of the qualiti^i ^> of the 'tailored' product would have to be sacrificed 
for the benefit of being able to produce a case in a considerably shorter 
period. 

The following conditions for the development of this system of 
computer simulated patients were drawn up : 

1. A clinical teacher must be able to write a case in a short time. 

2. The author , needs to have no previous knowledge of computer 
languages. 

3. Departments and medical school^ . aid be able to enlarge their 
files of computer patients by arranging /vtrigfes. . 

4. When exchanging computer patients it should be easy for each 
teacher to adapt a program ojiginaling elsewhere to fit his or her personal 
ideas and insight ; 

5. Programs should be *iiser-friendly* and easy to use in IBM 
compatible Personal Computers, 

The system has been named C.A.S.E.S. This is an acronym for 
Computer Assisted Simulation and Education System. In our opinion, 
CA.S.E.S. will be a valuable aid for teachers who will, in a relatively 
simple manner, by using the program Ed'.tor, be enabled to produce a 
case themselves in order to simulate a patient witl a particular disorder. 
Medical students will be able to practice solving ^il kinds of problem:^ 
taken from a varied assortment of computer patd^^nti. Consequently, they 
will be able to acquire a certain degree of skill without running the 
risk of harming a real patient. I must emphasize, however, that this 
form of comi>uter-^ssistod instruction will never be able to replace 
bedside instruction, neither may it ever do so, 

lu the following pages we descube how students must deal with 
a computer-patient and how a clinical teacher constructs such a patient. 




2. The Student as Doctor > 

AftiT switching on the cx)mputer, students make a random choico 
from the list of patietns. The patient is introduced with some pt^rsouMl 
details and the most important symptoms. Students then gather as 
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Bluch data from the ^se hi$tt)ry, physicsal examination, labof&tory 
testa an4 supplementary tests as they ^^rthink necessary to bo able to 
4iagno?e correctly and to pre.< ?ry>e .treatments 1 

Students:. are told, * when gathering data^ to pick out those details 
they .con^id^r. relevant fi^oni ja inultiitude of possibiliti^es. superfluous 
laibora^piry .o tesia? they./eqii)est ar^ penalized toy negative points 

on the student*s score. The same applies ^ .incorect diagnoses. Stu- 
dents can only proceed further after they have diagnosed correctly, 
They can then considei* what course of treatment the patient should 
be prescribed. Once they have chosen the correct treatment, the> 
have completed the first section of the computer program. The second 
section, which follows immediately after, presents detailed comments 
on each step the 'student has taken, Thi^ then was an overview of the 
whole program, a more detailed account lollows- 

Students begin by choosing a patient from the list (Fig. 1). This 
list can be a selection, only childran or only neurological patients for 
example, ; 

However, it can also a be a random selection such as might be 
met in a G.P.'s waiting room- 



— LIST OF PATIENTS — 

0 ; Knd program 

1 : Mrs. Jones 

2 : iMr. Valera 

3 : Mr. Shield 

4 : John Branscombe 

5 : Mrs* Shortlands 

6 : Amanda PirewciJ 

Your c»hoice 



Fig. 1 ; List of Patic-nte 

As soon as all the data of the patient chosen by the student havo 
been loaded into the computer memory the Main Display Menu (Fig. 2) 
is displayed on the screen. 



0 : End of this <;aso 

2 : Cast* history 

1 : Inlroduc'tion of the patient 

3 : Physical ^examination 

4 : J>*aborQtory tost:; 

B : Various examinations 

6 : Diaijnosis and Tht?rapy 

7 : R(vix)rt 

'J'our clioico 



Flg» 2 : Main Menu 

m 
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PATIENT SIMULATION'. BY COMPUTER 

• • <Whert thfe^tiuttiber !• has be^n typed in, a text introdueihg the palisnt 
IS di»played<on the screen. This introduction includes information on 
the patient's age, sex, profession and ahy social aspects which may be 
of importance. This is followed by the patient's symptoms. 

The display ■ also informs students of their role as 'doctor' for 
example, a G.P. during sUrgery hours or a houseman/intern on duty 
«(t the First Aid Post. (Fig. 3). , i • ■ ^ 



INTRODUCTION 

Mr Sh/eljJ, 42, married, 3 children, insurance agent. 
Referred by G.P, to Outpatients' Soirgery V/ard, for 
blood In faeces. 

You are seeing the patient as a resident at the 
Surgery Outjpatients 

0 0 ~ 0 

(Press the spacebar to continue) 



' 1/1 



, Fig, 3 J Introduction of a patient 

i When students have read the introduction, they then recall the Main 
jMenu by pressing any one key, and continue by typing in a 2, thei^upon 
the case history section appears. The case history section comprises a 
hiixture of relevant and irrelevant questions. AU tiie questions are of 
course typical of what might b asked when taking a medical case 
history, however some of them are of no interest for this case in the 
circumstances known to the student at that moment. Just as may happen 
in actual practice, students can cilways ioturn to tlie case history sec- 
tion at a later stage, if they realize that questions initially thought 
irrelevant may weli be relevant after all. 

The ' case history ?^L<rtion will include some tens of questions for 
most computer patients. Eight questions ^re all that can be displayed 
at one time (in one frame) however. Consequent!/, a number of lists 
Will bt? needed to get through all of the question 5. These lists can bo 
worked through in consecutive order or called up seixirately (Fig. 4). 

If students consider a certain question to be relevant, then they 
must press the corresponding number. The patient's answer appears at 
the bottom. If, for example, the student had wished to find out the 
nature of the pain, then he would have chosen question 6 from Fig. 4. 

The student may select as many or i s few questions from each page 
as lie pleases. The numbers of asked questions appear undcrlinod. If 
no lUithcr questions are to b(^ asked from this page then the following 
page can be called up by typing the letter F. This pruc^^ss goes on until 
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the Student has been through all the pages'. The screen then request^ 
the student to think of a provisional list of: possible diagnoses (hypo- 
theses). 



•1. Do you cough a lot ? ' - 5. /ire >^ur parents stili alive ? 

2. Have^you ever haU *m tn^Mfvation ? 6\ Do you get sudcien, bovere attackji 

, / of pain or is the pain continual 

and rag*!ihg? 

3. Do you wpeiid much Urate on 7. Wlxen you cough, no you cough 
sport V anything -up ? 

4. Do any of yow r^Matives suffer 8. Have you any problems in uii- 
yrom ae;thma? nating ? \ 

AmyXisr to question 6^: It's a biting pain, doctor, it lasts a couple of minute.^ 

t'.nd then almost goes away a^sin. 
Type V::ioif?e), T Forward), B (== Ea^Ji^^ or E (=End of this section) 



Fig, ^ : r^iXanniple <>t ^ list of questions with one qu^^stlon answered. 

Before describing the rest of the program it may wel^ be useful to 
m^ke a few remarks on tho leaching aspects of this program. A choice' 
had to be made betwrem two alternatives. Either the students had lo 
be allowed to think up and tyix? in the questioris which they Ihuught' 
up themseh'est or they coulr^. pick their choice from a selection of 
qviostions offiivc»f\ by til? computer. 

The firsl method (thixiking up thv? questions thems'c^lvos) might vvoll. 
be the from the pc/uit of view of teaching, but j^here are three iiiipor-' 
tant practical objcc lions to it, na/ricly : 

L Most studonis 8re not skilled typiuts. Consequently ^ typing in 
questiono would take the«n a long time and they wovXd quickly loose 
interest. 

2. It would m^ke writing a program much more complicated and 
take up a lot o^ *;ke aathor*s t'nne. 

3. It wuilcl need a rolatively large computer memory, one which 
would be bigjTcr than most micro-tomputerii possesri. 

i^Vr th'.\se reaso::^, we decidi^d to use -she alterhacive, alio wir^^' the 
student to vjhoose f -vm lists of qi\estioas- The part' .u.lar slcill la investiga- 
ti.\)^ a cas'^? history that C.A.S.E.S. alteinpt^; tc ceach students is tliat 
reeded or» confrot.tation with pati^^nty and their immediate complaints. 
Medif^iil studenu must c( rtalnly alsj> practice taking a di;*tiiiled routine 
case lustory hut that is a diffi^ront skVli n'.^eding other methods of 
traiiiing. 
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PATIKNT SmUJUATION BY CO^MTf UTBH 

Once a di^tgnosis has been typed in, tiie computer can prowss it 
In one of four categories ; correct, paa'tialiy correct^ wrong, and 'nort- 
recognizPble\ 

Vhe number of diagnoses placed in the last catego3^y can be kept 
as low as possible by the ' ^hor*s medical and iingyi'sric inv^>ntiven(et5s. 
If students' diagnoses i ^ not wholly correct:, then th.ey can 
be prompted by a heading question'.' ^If, for example, ihey should 
fill in 'pe^dtpnitisV as a diagnosis of the case of aeuti^ appendldtis, then 
the comiputer, in other words the author, can xmswer, «£lo so good. 
coUeagtie, but what has caused the peritor)iti.s Tb* fact thiit 5:tu.dbn' 
need such a prompt will be reflected in their score, but it will enrcuraso 
them more th5;n if the attempt is met by the cold Jiitatement <'TIu^? 
incorrect'^ 

They will, indeed, be told just that n thoir diaj^n^^sis i*^ md<h ol' 
the mark but has been i-ecbgni.'^ed by the compmter because the author 
has anticipated such a diagnosis and has included it in tht;». program's 
data. 

If students still do not manage to diagnose correctly even aftoi- 
prompting, then a list of diagnoses appears, all of which dre relatiA'^ly 
plausible, but only one of whicli, of course, is cor'cect. Fig. 5 given 
an example of a list of diagnoses, 



1\ry to f>elcot Uxe oarrect dia^^nocsfs ivom tmv following list : 

1. overtax lag 

2. thront1>osis of th<i calf vo'*n 

3. torn nnniscle 

4. osteomyelitis of the tibia 
arl«t.»ri.vi fchronitoosis 

6. thrombophlcbl*i« 

7. e.uir^i>rifioat of the pppli*c>i>l art'.?ry 

8. cf'aml fracture 

Your ',hoic^^ ^ {ivXncn) 

J 

ri'^. 5 : Exi^itTi;>ie o a list of dia^jf^noses. 

Stuoonti. Indicntrv tlieir prcfct<*»:7C0 ibr a parlicv.lur diagncsis by 
typinj^ in a number, If thif; Is indov^d correct, then tl\(i viUowing :ii^.ction 
oi' th^> p/ojjr^av*, 'Trf»etmv?nt\ itppci^w on the screen. If it tvlUl is not 
correct then t.lie llAr of dlegnc^v^H .vapiv»/s, This pr<x:-oss is repeated 
until the correct diagnosis has beeu found \rr: g^ri^s^ed 

Thti YroaxTr^.inir section follows with the same proc^Hiuir. at} for thv 
J>iagnrsiH, twc cpsuvos px^-M^rib correctly witfi or without the co/;\- 
outf^^rV, 5?.si*;tanri> and then a li^t» Stuicnts uro, ol ctHU*se, porializo/'^ for 
.Lvli. V,i\} ir^cov^^^H difcfjnom a^^d trf^^atmeats they inflict on tht?ir 'pali ife?*. 

m 




th<? Tutui-e doctors have now finklje^d deeiliiitg. '.\'ith thoir patients, 
biit |rom 'tJUe, te^^ point, of view the most, 4nif'o.vt«iit part of the 
• rwcuijr^ s^U hiji?* ';to ,besfjn„ All. the choices, they have made and decisions 
,Ua«j.haye:tak<yii nqv/ paas iho.;review ^K:c,op^panied by coi75j;nents. Th;? 
8crt>eri dispbyc tct ^^jic students all th? r.^stv history questions they jiisk^'u 
•■vlmjh ,the^uth.of iu the prograira had categorized, aj^jrreltjvant, aQcompa- 
nied by th^ autWs reasfnis ior regarding th(?;.wi irryk't't^nt Then ali 
the r'rlevant question wixich the students • should have eskiHi aie 
displayed, again with a brief explauMion by the tcricher why that 
particular , qutstion is important andl should have been asked. 

O'he .laboratoiy And then the supplementary teaf s are dealt with 
vUfl^wlw, beHtg submitted lo :^ ;:ritical commentary. The incorrect diag • 
noses and /'rongly prescribf;d treatments aiH? also discussed and an 
explana^iiosn gi\«n 'as to why exactly iJaey are wrong. 

The .-yxres marked up for each of the 6 sections are disr^laved aii a 

gtai.il h'.kJ tl;''9 pvc^am finishes with a rnim-le^;ture on tlie particular 
diso//?,ei' <i©alt ^Ith ila the caSiT-. 

Tde student has now gone through the case, including tho author's 
ccnment',- <,n th? , student's pei-fomanca. At this point students can 
rh<,X)st one of two alternatives ; 

A. they call another paLknt in from the "waiting-room" ; 

B fiwy dwide to ^pursue the problems involved ii? th^ ctv?e just 
dealr. with more deeply. 

Shouir^l they decirle on '-ihe second, then tliey (.rax 3tudy the tx^acher's. 
cumnwnts on the iacon-«^x-t decisions tlvat they did rujt take. This could 
^ a gcvod iwisan exwis« foi' tlie student. They can.^ for example, study 
the fuli di,^feri«ntial diagnosis the cast*, or go through the tejcher'i 
^.rguments why certain tests are super.fhious and thf^refore und' . irabie. 



4, "i'he Vrbdactiou oi a New C%m 

I 

By sMindai dizirtg prcductici tho time neeciftd to create a nsw com- 
puter patient can be draytically Umited, One of the precondltons thi"? 
system had to fuliDl was that tho author of a ct»e need know nothing 
4.»f oomputf^r languages. 

This svitera has speeded up and simplified the production of com- 
puter patients. In a short white the clinicil teia(cheir> gain sufficiont 
expf!rier:ce to create a new computer jwitient in i\ f<>w hours work, They 
n<x>d or-iy fill in a C.A.S.ES. form. A fictitious patient :an bu created 
ooit of thin air, but data oar. also be taken fxom the case history of u 
real patient or from cases deacribed in medical books. When completed. 
ti-.e form can be given to a typiat to be typed in or a computec, All 
further pro^^ssing needed to cr«i«tG & complete conipuier patient cuji 
be ««ntrustcd to the KDITOR o' C.A.S.E.S. 

The C.A.S.E.S. form comiisti; of about thirty p'.igos e-ich wltl^ ;» 
tokt instructing the author hov/ the cwitent of ^*t casie .shoulc. be strurjlun^d 
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and filled in in the correct spaces. It would: fee going; too 'f«r to i describe 
the C.A.S.E.S. form in detail here, we shall suffice by giving one page -- 
marked NL as an ^aftiple. / , - , ' 

fih stands fbr-^^ Non-releN^t L^horatpry TestS/ Authord' are asked 
r to vwite down a number of lab tv.ots on these NL pages Which they 

cohsider nat necessary or eV»n si.^rflUous for that patient in those 
circurtistances. Th^ result (e.g. a number with units) is filled in after 
the test and, if so desired, the standard values. The 'reasons', teachers 
comments on why, in their opinion, the test is irrelevant and therefore 
superfluous in those circumstances, is filed in in the space which 
follows below. 

Teachers indicate, by means of a letter code, in a separate column 
thei: assessment of the seriousness of the mistake made. The following 
code is used : 

R = Routine Test. This is a simple test which does not inflict any 
extra burden on the patient (a blood sample is already avail- 
able, for example, as it has already been taken for other 
reasons) and which hardly involves any expense. 

B inflicts suf ring on the patient. For example internal exa- 

mination teclmiques on other kinds of examination which are' 
lengthy and painful. 

K = expensive tests. 

B + K «= a combination of the two. 

The number of nejgative scoring points (penalties) is ascertained 
with the aid of these qualifications. Obviously the combination B + K 
will incur the highest penalty. What we wish to achieve by this is that 
studv^nts do not request whole lists of tests or other research gratuitous- 
ly, but think carefully about the direction in which they must searcli 
beforehand. C.A.S.E.S. might perhaps contribute, allbeit modestly, to- 
•'vards an efficient use cf the health services' budget as a result. 

Figure 6 shows part of one of the NL pages concerning an 8-year- 
old boy suffering from a greenstick fracture of the right forearm after 
fal.U/ig off his bicycle. 





Irrt?lovant 
Lalwratory IV^t 


iRo^iuIt 
Nominal value + units 


Jl, B, K 
or n + K 


Score 




U. Alkaline 
phc'sphatase 


92 U/1 


n 


— 16 




K<?csons : \ a^xrcsontativc tvaiim can bo found in the case history, 
so ih(^ro is no nvnson to assuine thai boae pathology already present 
has caused a spontaneous fracture. Moreover, children always have 
ri higher alkaline ^lo.sphatase. 



Fig. 6 
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'M we have ,alire*dy pointed out, the teacher, needs know nothing 
of programmmg to fill in a C.A.S.E.S. form, but should certainly have 
plenty of.exp^ience in giving ,c^ir>ical instruction to me^jpal students. 

Authors should be, sole,4o drpw on a wide' range of eJfperience so 
that they know ot have developed an intuitive feeling for the kind of 
mistakes that,students can make. , Students get ti^e opportunity to make 
them without harming, a patient, and theJeacher has an opportunity of 
placmg: a f^W well-chosen, <;omments and pf explaining , why i something 
IS wrong and how it should be done. , 

Experience has ^hown th,at tl\e ^ost difficult problem authors 
have to fape \Yhen filling in C.A,S.E.S, .forms is thinking up the irrelevant 
items. ■ ' ' "'' 

Good teachers wili do their best not to fill in anything transpa- 
rently irrelevant, since' it will never or hardly ever be requested by the 
students^ Authors should attempt to think of items which, though irre- 
levant, are still closely related to relevant onefj. From their experience 
of teaching, thf y know that some students are wrongly inclined to fol- 
low a particular train in thought. Should students indeed go off on the 
wrong track by choosii;ig such an, irrelevant item then authors can cor- 
rect this pattern in their comments. 

For example: a , 68-year old female presents an increasing 
constipation and fatigue (caused by a sigmoid carcinoma). 

The student is interested in the answer to this question : "Did you 
ever live in a tropical country ?". Asking that question he will receiv«> 
the patient's answer : «No doctor, I never left this country". The autlior 
considers this an irrelevant question and (later) the student will receive 
the teacher's comment : "This is a relevant question in case of chronic 
diarrhoea, however there is no known tropical disease which causes 
constipation". 

This manner of teaching students can be apjilicd throughout the 
program and is not hmited to the case history as In the example above. 
The authors pan, for example, point out the difference between an X- 
ray of the wrist and onei of the forearm, or the difference in value for 
the diagnosis of a disorder of Xr-xays of the abdomen taken while the 
patient is lying or while standing. [ 

A basic rule for this type of self -instruction is that the student 
must learn from every mistake he makes. This means that the author 
ot the case must take gre«t care that the comment on' each irrelevant 
or wrong item should always contain a positive element. 

The Diagnosis^ and Treatment sections have their own particular 
problems for authbrs. They must fill in the correct diagnosis and a list 
of as many other diagnoses as possible which, within reason, studem. ■ 
must also take into consideration. Each diagnosis in this list of diffe- 
rential diagnoses should be accompanied by the reasons why it cannot 
be correct. Eveiy oonceivable .symptom of all the diagnoses listed (both 
the correct one and the list of DDs) should be filled in by the author. 
This is necessary because students have to type in the diagnosis whicli 
they conclude is correct, . themselves. This means that the computer's 
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memory must programmed so exhaustiwly that practically Anything 
can be recognized. ' 

For example, a 22-year-old woman -has an acute appehdicitjs. If 
students type in Inflammation of the vermiform appendix' then the 
computer must be capable of ^recognizing this and react on the screen 
with: ^Well done colleague, acule appendicitis is indeed the correct 
diagnosis". In the initial .t>base of developing the system we failed to 
recognize this jproblem, and We found that it was an extremely frustra- 
ting expeiience for our students if the ct)mputet reacted badly with the 
comment : ^Your diagnosis has hot been 'recognized**; ^ 

For instance, one of the diagnoses included in the DD liit of this 
example was 'salpingitis', but if the student typed in Inflamation of a 
Fallopian tube', this incorrect diagnosis was' not accompanied by the 
comments oh why it was wrong which the author had filled in under 
'salpingitis'. Thinking of iciZ/ the possible synonyrnotis versions of a diag- 
nosis giyes teachers a' chance to exercise their imaginations. Since the 
computer stores everything on the disc we are able, once a computer 
patient has gone through a trial period, to make a printHDut of all the 
diagnoses the students have made during that period by using the- 
program Utilities pption 4 : Trint out of scores' and use them, if neces- 
sary, to add to or alter the program. Thus the student can improve on 
and supplement the author's work. 



5. The Scoring System ■ , 

! 

Experience has shown us that being able to score points adds a 
sporting element to the system for the students. Most of them attempt 
to score as highly as possible even when they use this computer-assis- 
ted instruction entirely voluntarily. The scoring system allows this 
form of patient simulation to be used for the folic wing purposes : 

a. Self -assessment. . Students can assess their knowledge and skills 
before an exam by running through a few computer patients. 

b. As part of an official examination. 

We have scored the six sections (huitiber 2 to 6) so the 
students can see what their strong and weak points are after going 
through a number of patients. We have scored the Case History section 
ami physical examination as follows: all the relp^^nnt questions score 
a total of +100 points. Nuances Df importance have been introduced 
between the relevant questions, the author indicates this by means of a 
code. All the irrelevant questions score a total of — 100 negative points, 
distributed equally among the questions. Students who cannot decide 
what is relevant and what is irrelevant will probably ask all the ques- 
tions in order to gather as much information as possible. Consequently, 
their score for Case History will probably be nil, or in any case very 
low. The Physical Examination section is scored likewise. 

A slightly different system of scoring is used for the sections Labo- 
ratory Tests and Vario2is Examinations. All the relevant items (per ciCc- 
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tion) together score +100 iJoints. Here again individual items can be 
given differing values. The negative score awarded for the irrelevant 
items is decided by the classification R, B, K, B+K (for definitions, 
see explanation). An .*R* item is not penalized, but a B+K item is 
penalized so heavily (e.g. : —60), that the student will most certainly be 
flailed for that sect'on. If no tests are considered necessary for a partic- 
ular case; then students must indicate this. They are then a;warded 
-I-IOO points. ' 

The sections Diagnosis . and Treatinent ate scored in yet another 
manner. If (the correct diagnosis is typed in straight away, then the stu- 
dent is awarded 100 points; a correct diagnosis at the second attempt 
gets 80. If the students only succeed in diagnosing correctly when the 
DD list has been displayed^ then the score is 60 or lower, depending on 
how serious. tlie blunders are. The author indicates this on the C.A.S.E.S. 
form, -an F for incorrect and FF for a fatally inooirect diagnosis. The 
Treatment Section is scored lilceWisec : 

The same applies to the scoring system as to all the data. If tea- 
chers obtain a case from elsewhere, then the standard scnre can be alte- 
red very simply to what they consider to be correct. Vv'^hen developing 
C.A.S.E.S. we have always kept our goal firmly in view, namely to 
develop software which will enable clinical teachers to make their own 
computer patients in a relatively easy manner. If we were to deliver 
a complete file of patients, then there would be immediate objections to 
certain details of the content. All teachers cherish their own particular 
way of seeing things. C.A^.E.S. offers an opportunity to expand the 
file of patients fast, by an exchange of case reports between departments 
and medical schools loithout having to ignore each teacher's personal 
wishes. For this reason we have developed an important part of the 
EDITOR of C.A.S.E.S., namely the, 'Edit pase' program. This allows the 
text to be changed very quickly and S.imply, Any secretary can do it, 
even those who have no word-processing experience. It is so 'user-lrien- 
dly', that even teachers can' edit changes if they wish <see Editor 
Manual). i 



6. Feedback from Student to Teacher » 

f ^ " 

The computer can store all the student's reactions in its memory, 
either per student or p^r computer-patient. A statistics sub-routine in- 
cluded in the C.A.S.E.S. k>ftware allows for the detailed calculation and 
printing of cumulative data per patient. One can imagine, for example, 
that the patient with the sigmoid carcinoma has been *<treated" by 42 
students during the past months. The statistical print-out reveals that 
30 of these students, being 70o/o, asked the question about living in a 
tropical country. This percentage should alert the teacher to paying 
closer attention to the subject in the following lectures in order to cor- 
rect an apparently widespread misunderstanding among the students. 
{Sec Utilities Manual). I 
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7. Experience with Clinioal Cotttputer^AidsA 4hstruction 
at the Letden Faculty ol Medicine ^ i 

CUnical itistruction lias been given to first year students since 1992/ 
83 as part of • the new curriculum made necessary by recent reforms in 
Dutch univ^sity education. This clinical instru<ition can be very useful 
and help motivate the students particularly when clearly related to tho 
basic subjects (anatomy, physiology, biochemistry etc.). 

Knowledge, once acquired, 'stiks' better, however, if it can be ap- 
plied. It follows, therefore, that clinical .instruction for first-year stu- 
dents must, lead to' application of their freshly acquired theoreticai 
knowledge through contact with patients. There were, however, various 
reasons making such direet patient-student coAtact impossible to achieve 
during the first year of study. The opportunity to simulate patient 
problems through C.A.S.E.S. was, therefore, a very welcome alternativs 
and no objection whatever was made to its introduction. 

A number of computer-patients were created specially oriented to 
first year students' level Icnowdelge. Thanks to the availability of a 
computer room equipped with fifteen micro-compuisers, the students 
could follow a compulsory practical. C.A.S.E.S. enabled them to prac- 
tice their skill in patient management. , 

The results of a questionnaire filled in by the students showed that 
the great majority were enthusiastic about this type of CAI. Junior and 
senior housemen/interns are also given the opportunity to use comput( i- 
facilities in the study room of the clinic besides the video tapes and 
audio-visual sUde presentations already available. This means they can 
practice diagnosing and treating disorders which xiay not occur among 
the patients admitted while they aie studying at the clinic. 

Although C.A.S.E.S. was iritended in first instance for use on micro- 
coniputers it can also be fed into a network. | 

C.A.S.b.S., which was originally written in BASIC, has been re- 
written in a PASCAL program. 4 



8. The Use of Comput'^r-Assisted Instruction for Post Graduate 
Medical Education (FGME) ■ 

Where the term Jstudents' h^s been mentioned above, it included 
doctors who wish to test or improve their skill by this type of clinical 
computer-assisted instruction, as . well as medical rtudents in the strict 
sense of the word. Once computers have become commonplace ioi doctors' 
consulting rooms, C.A.S.E.S. and similar computer programs will b*? 
able to make a vali^able contribution towards PGME. By having a floppy 
disc sent to them or by connecting up to a telephone line thnxigh a 
modem, doctors will be able to test their skills in the privacy of their 
own study and, if necessary, supplement their knowledge with informn- 
tion on recent advances and new insights in medical science. 
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^ . 9. The Further Devciopment of G.A.S.E.S. 

CAiS.E.S., as described . above, has already been in operation for 
several years. Further, development is continuing, however. The most 
important expansion; of the. system is the i addition of visvial images. 
Many, types 6t examinations^ such as X-ray sonography, computerized 
tomographic scanning* EEGs," ECGSr etc. produce -an image as result; 
Ur,M now the results of such examinations have been reported to stu> 
dem by means of a text displayed on a screen which gives an expe • 
interpretation of the examination in words. The images can, however 
be put onto slides and the micro-computer linked to a projector whir h 
IS directly controlled by the computer and the students thus shown the 
results of a piece of research 'in kind' . , ., . 

If they request an EGG, then it is projected as ^a slide for them. 
1 ne teachers themselves can decide the extent to which they leave th- 
interpretation of the tesf — a sonography, a PA microscopic slide or a 
tomographic scan — to the student. Alternatively, teachers can of 
course, off^r f,?, expert interpretation and explanation as instruction." 
For €xample,^«11ie arrdw on tfcis thorax photo points to some fluid in 
the right-hand pleural sinus". ^ ixum i„ 

.u^^l^fn ^^^^ pictures/ it may well be prefreable to be able 

to Show filmed sequences. Good examples are the limping of a boy 
suffering from epiphysidlysis of the ball of the femur, or the radio- 
paque passage o. a substance through the oesophagus shown by cine- 
radiography, which can much better be seen than described. Recording 
and showing these on a Video tape is a relatively simple matter 
uriu h u ^ student has chosen a test with moving pictures, a message 

The ideal medioim for both still and moving pictiures is the Video 
Laser Disc (VI^D), which can produce a picture or sequence almost in- 
stantaneously. At he momt nt only a few specialized studios can record 
images on a VLD, which mj^ns teachers will have to be satisfied with 
what they are offered ready-made on VLD. 

On adding up the balance of advantages and disadvantages, the 
automated slide projector and video recorder can be expected to satisfy 
needs for the moment, Well selected collections of slides and video 
lecordings can, when tlie time is ripe, be transferred to VLDs. Quite 
conceivably, the recording of images on VLD will be within the con- 
sumer s reach in the not too distant future, especially if one bears in 
mind the speed with which audio and video eq.udpment has been devel- 
oped In October 1986 a single videodisc with 30,000 medical pictures 
will be released (see Appendix Meddix Data). 

10. Opportunities for the Use of C.A.S.E.S. Outside Medical Facilities 

The para-medical professions are the first to spring to mind. The 
first steps have, in fact, already been taken. Schools for dieticians and 
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physio-therapy schools and speech-training schools have already used 
C.A.S.E.S. after making a few modifications^ 

It does not take any great stretch of the imagination to see many 
uses for C.A.S.E.S. outside the medical world, in particular for technical 
training programmes. An airplane engine refuses to start, its exhaust 
gases are an abnormal colour, the search for the cause of the trouble 
and its repair can easily be compared with diagnosing and treating a 
disorder. C.A.S.E.S., originally developed for the benefit of medical 
education needs only slight adaptation to make it suitable for nmny 
non-medical training programmes. 
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MICROCOMPUTERS IN STATISTICAL EDUCATION: 
THE BUCKINGHAM EXPERIENCE 

Eddie SHOESMITH 
Uitilverslty of Buckingham, England 

1. introduction 

This article describes some of our experiences at the University of 
Buckingham, England, in using microcomputer software and hardware 
In support of statistics teaching. The account is written from a personal 
perspective, and is to that extent anecdotal. Nevertheless, I have tried 
to set the account of our Buckiiigham experiences vidthin the ynder 
context of the microcomputer software and hardware market in the • 
United Kingdonj (U.K.), and to make some general remarks about the 
use of microcomputers in the teaching of statistics. 

Sections 2 and 3 give a brief background to the University of Bu- 
ckingham, the degree programmes it offers, and the statistics courses 
taught here. This is not intended as an advertisment for the University. 
It is necessary because Buckingham University is unusual — indeed, 
in some respects unique — among ^J.K. universities, as outlined in Sec- 
tion 2 below. One of the consequences of Buckingham's special character 
has been that microcomputers have played a particularly important 
part, relative to larger computing machines, in the development of 
computing support for teaching. 1 

Sections 4 to 6 of the paper give a more or less thronological out- 
line of our experiences with microcomputers between 1978 and th(» 
present. The story line is one of how rapid development in microcom- 
puter hardware and softv are, and the adaptation by software houser> 
cf well-established statistical software from main-frame computers to 
n icrocomputers, has enabled Buckingham University, like many other 
t< aching institutions, to provide computer support for statistics and 
other academic programmes at a relativelv modest cost. <Rowe (1984a) 
brietly documents anoiher example). From our point of view, advances 
in microcomputing, artd the associated fall in the costs of hardware and 
software, came at an opportune time. 

2. The University of Buckingham 

Buckingham University is unique among chartered U.K. university 
Institutions in being the only one not to receive financial support df- 
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rectly from Government sources. All revenues como from student fees 
and from private donations. In tliis respect, it is the U.K.'s only «pri- 
vato" or "independent" University. By "cliartered", I refer to tlie pos- 
session of a Royal Charter. The institution opened its doors to students, 
as the University College at Buckingham, in 1976. It received its Royal 
Charter, and became the [Jni\ersity of Buckingham, in 1983. A sym- 
pathetic account of the University's formation and early years is given 
by Pemberton and Pomberton (1979). A more recent, and more critical 
perspective is offered by Shjjw and Blaoig (1987). 

Buckingham is a smaU. iristitutioh by U.K. university standards. Wo 
currently have around 630 studcrlts. It has grown ffom even mote mo- 
dest beginnings, the first student intake of 1976 numbering only 67. 

Apart from its financial status and size, there are other features 
that have contributed to Buckingham's, character. The academic year 
for most students begins in January (rather than the usual academic 
start in September or October), and the calendar year four teaching 
terms, each of 10 weeks duration. Most students complete, an honour;; 
degree programme in' two years :' that is, eight terms or 80 teaching' 
weeks. The two-^year degree progralffmes, and their implications for 
the relative costs of completing a degree at Buckingham compared with 
other U.K. universities, has made Buckiiigham an attractive option for 
some ovei-sea.^ studcints. Currently, about 36% ^f our students are i'ron\- 
• the U.K. The next largest national groupings are Malaysians (l9o/o) and 
Nigerians (llo/o)i Gui' student body encompasses 58 natiottalities. Mature 
students too figure more promiriently at Buckingham than at U.K. uni- 
versities in general.oAlm6st 'half of our ' present students were aged 21 
or over when they entered the Uriiversity, compared with about 15V., 
in tho same age group entering U.K. state universities as undercradiuates 
in 1985/86. j ' °, 



3. Academic Programmes at Buckingham > 

In terms of student numbers, the School, of Law is at present th? 
predominant faculty at Buckingham (around half of all students), The 
next largest School is Accounting, Business and Economics (between 
25o/o and 30,o/o of all students). The School of Sciences Is, as yet, a rela- 
tively small fxjmponent (less than IC/o of all students), though has con- 
tributed, very su;bstantially to the research activities of the Univensity 
(Shaw and Blaug 1987). A degree programme in Biological Sciences has 
existfrd since 19^, and Computer Science degree programmes since 1986. 
There are nO' degree j programmes in which students major in either 
Statistics or Mathematics. The nearest approach to this so far is a pro- 
gramme, in Computer Science with Applicable Mathematics, which com- 
pri.ses roughly two-thirds Computer Science and. one-third Applicable 
Mathematics. I 

However, all students majoring In Biology, Accounting, Business 
Studies, and most of those in Computer Science, have coursese in ap- 
plied statiistics as part of their degree programmes. Typically, students 
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majowng in Biology or Accounting take two or three terms of statistics, 
wljilst those majoring in Economics,. Business Studies or Compul-r 
Science have a single term of statistics. There are also n small numbiT 
Qf students ftiajoring in other subject areas — Law, History, Politics 
European Studies — who chose to take statistic.-, as one of their option?! 
coutses. Altogether then, around 125 students (nearly half of our Janu- 
ary intake^ take; statistics courses in any one year. The courses have a 
very applied flavour, and are geared as much as possible to the subject 
areas in which the students are majoring. , 

of ..Sis? present-day importance of computing in many branc he.'i 
t nSif ^^^r^^l' ^ practical and at a theoretical level, it 

«nw ."^^^""i statistics is taught, even as an ancillary eubjed 

and at an elementary level, the opportunity should be sou^it of . giving 
DrinTniof.?^"'P'\ -"^f^ computers can play. This is one of tho 

KSh? ^^^^ ''''' ^^""^ *° statistics courses over the 

last eight or so years. 

4, The Early Days of Microcomputers. 

Our first plans to develop computing facilities to support teachin" 
and research at Buckingham University were made in 1978. Because of 
the small s<yale of our Qperations at the time, and the scarcity of finan - 
didl resources, the possibility of acquiring an in-house main-frame com- 
puter was never seriously considered. Fortunately, from our point of 
view, desk-top microcomputer were beginning to reach the U.K. market. 
The market^leaders at the time Apple, Commodore and Tandy. 

The availabihty of these small machines enabled us to make a modest 
beginning .n computing without a massive outlay of funds, Our first 
purchases were Commodore PET micros. They had calculator-style key- 
boards. 40-coIuain black-and-white monitors, built-in cassette drives 
m'S? f ^^"ll'';;^^^''^**^ t^P^' ^ kilobytes of random access memory 
mnul' TU I - prograinming language in read-only memory 

{HUM) The price of each machme was around £500 at 1979 prices 
u2^}V^^^ at 1987 prices if the re-valuation is done using the U K. 
u^.h LnT,\ IBM XT "clone- 

?w. ""t^w^^^^^^' 'l^'^'^^'y ^^''^^ ^^''-'^ ^' 20-mogabyte hard 
disk. (When I last visited the Science Museum in South Kensington, 
London, a Commodore PET micro was one of the ejdiibits !) 

Our purchase of these machines was not solely, or even mainly, 
with statistics in mind. We also had to consider the need to support- 
teaching programmes in accounting, economics, mathemaMcs and bio- 
logy. This has also been the case for the pui\-hase of microcomputers 
since then. Our computing facilities are considered as Univcraity — 
rather than departmental or faculty — resources. 

Software for the Commodore PET micros was relatively limited in 
Its sophistication, when judged either by present-day microcomputer 
standards, or by the main-frame computer standards of 1979. The res- 
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tricted scope arose mainly from the size and technical limitations of 
the machines. Aiudiortape as the only form r^f program and data storage 
can be a slow and\frustrating Way of working, as many home computex 
owners quickly discover ! The statistical software we bought, or were 
given, or wrote oui selves did relatively specific jobs, like producing, 
descriptive statistics for single samples of data, or calculating regression 
estimates and correlatioms for bivatiate or multivariate sam-ples. Stu- 
dents taking statistics courses, most of whom also had introductory 
comiputind courses to familiarise them with the PET micros and the 
BASIC programming langua^^e, had the opportunity of "hands-on'' expe- 
rience with these pieces of software. The micros were used primarily 
for student project work, for demonstration purposes and to give some 
limited support in staff research work. Our nlain objective at that time, 
framed in light of the resources available to us, was to give students- 
taking statistics courseis sdme notion of the labour-saving potential of 
even small computing machines. 

We also had time-sharing access to a DEC-20 rmain-firaime machine 
running the conversational statistics package IDA. This was used ex- 
tensively by staff applying statistical tectmiques in research work in 
other discipline (e.g. economics, biology), and we incorporated occa- 
sional demonstrations of IDA in,to statistics lecture classes, to show the 
powei' of a "real" genenal-puirpose data analysis package. 

It is intefinesting at this point to look in more generality at ithe 
market focr microcomputer stajtistical s»oftware, as revei^iJied by the 1980 
"Register of software for statistical, survey and general sociial science 
computing'!, comipiled by the Study Group on Camputeis in . Survey 
Analysis SGCSA). . SGCSA is an "organisation affiliated to the British 
Computer Society and the Market^ Research Society, ithat has published 
such software registeors on vveven ocoaisibixs between 1973 and 1987 (Hall 
et al., 1973 ; Row^ et. at, 1975 ; Rowe and Hall 1978 ; Rowe 1980 ; Cable 
and Rowe 1983 ; Cable et .1, 1985 ; Rpwe and Cable 1987). The SGCSA 
i-egisters cover statistical software fov all types of computing machine, 
though sin^o 1980 the registers have become incre^isingly dominated by 
software for microcomp*u;i,ei^. Two lists of statistiioal software, confined 
to those pixignaims that would run on miccrocomputors, were published 
by Neffendorf (1982, 1983) in The Professional Statistician, the news- 
letter of the (U.K,) Institute of Statisticians. As with the interpreta- 
tiion of most rogisljei'S, there is the prohlom of assessing the level of 
completeness, and of whether the adequacy of the coverage has altered 
subs,tantially over the years. Nevertheless^ the SGSCA registers, supple- 
mented by Neffendorf's lists, offer an intere^iting picture of the chanjj- 
ing situation over the years, and the broad trends they suggest are 
pi^obably fairly reliable. I shall refer to them again in the sections 
that fallow. 

The 1980 SGCSA register contained 113 entries, of v.'^hich only 
three programs were listed as running on microc^oihuputt^s (one of the 
three ran on both main-^frame machines and micros). The three pro- 
grams were ear'h designed for a different machine : one for Commo- 
dore, one for Apple and one for Wamg. . . . 
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5, Z80 Micros and CPM 

Real progress, for us, came when desk4op imchines based on the 
Z80 microprocessor chip established themselves firmly in the mairket- 
place, «and the CPM operating system that ran on these miachines be- 
came something of a de facto standard for microcomputers (as we 
shall see below, the Apple operating isystem was, as far as avadlaible sta- 
tistical software was concerned, a "competing** standand). Some indica- 
tion of ,the growth of the miarket in statistical software running on 
Z80 micros under the CPM operating system can be gained from Nef- 
fendorf's 1982 a«nd 1983 lists of statistiical software for micros, and from 
the 1983 SGCSA register of statistical software (Neffendorf 1982, 1983 ; 
Cable and Rowe 1983). 

Neffendorf^s 1982 list ran to 26 items. By the following yearr, the 
upda'te had g.rown over two-fold, to 56 items. Of ,the 26 tprograms on 
the 1982 list, nearly half (12) were documented as running under CPM, 
slightly more than half (14) on Aipple machines, 4 on Commodore, and 
3 on Tandy micros (some programs were listed as running on more than 
one type of machine). The figures for all these four categories grew 
between the 1982 list and the 1983 update, the most substantial in- 
crease boing for CPM and Apple. The 1983 ilist had mther more ,than 
^ third of programs (20 out of the 56) roinning under CPM, half on 
Apple, 6 on Commodore, and 5 on Tandy. An important new oategory 
of entry to the 1983 list was programs running under PCMSDOS, tho 
operating <;ystem for the ^^ecently launched IBM PC and for IBM PC 
"'compatibles". Neffendorf '.s 1983 list contained 25 items running under 
PCmSDOS (45o/o of the total). I shall comment further on this in the 
following section. 

ihe 1983 SGCSA register showed a broadly similai- pic^;uro to 
Neffendorf's list. The total number of items on the SGCSA register in 
1983 (for all types of machines) was 119, only a marginal increase over 
1980. However, more significaoitly in the pix>sent context, the number 
of items listed as running on microcomputers had risen from 3 to 39, 
Of these, about throe-fifths (24) were documented as running under 
CPM» nearly half (18) under Appledos (the App]c operating system) 
and only one fewer (17) under PC/MSDOS. Some of the detailed differ- 
ences between the figures in the SGCSA register as compared with Nef- 
fendorfs lists arise, becauso the latter give information only about the 
type of machine on which each program runs, often though not al- 
ways described in terms of tb^ operating system for the machine, 
whereas the information on the SGCSA register distinguishes hardware 
and operating system. 

Our first purchases of statistiral software running under CPM 
wero the S.A.PT. and Microstat programs (for reviews of thase two pro- 
grams, see Shoesmith 1982, 1983), at a time when we h^id/only two 
single-user Z80-'based micros running CPM. S.A.M. and Microstat are 
general-purpose sbatisticail packages, both nienu^riven in their pftyle 
of operation, with data entry, editing and transformation facilities, and 
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a good range of sjtatifetical proceciuix?s. We used the two programs fairly 
extensively in student project work and in s-taff research involving 
applied statistics, but not as a regular adjunct to teaching. They pro- 
vided us wi,th a valuable introduction to GPM softwiasre. 

In early 1983, we bought the CPM micro version of the popular 
maim-frame statistics package Minitab (converted to run under CPM 
by CLE.COM of Birmingham, England), /and mounted it on two Comant 
Z80 mul,ti-user miCiTos. It v^as at this point that the incorporation of a 
computiag demenit into statistics courses at Buckingham began in 
earnest. Mimitab, which had existed on main-frame and mini compu- 
ters since the mid-1970's, already had an established reputation as a 
teaching aid in statistics. The CPM version, despite some limitatioois and 
problems, ran well on the Comart micros (for a revilew, see Shoesmith 
1984). The > package is sitrong on data manipulation, exploratory data 
analysis, regression, probability distributions, and generation of rando n 
data. It uses a command-driven mode, of operation whose syntax seems 
to be quickly pieked up by students. The accompanying documentation 
is good. All ithese are excellent ingredients for a pacl^age to be used in 
teaching (some further thoughts on the kind of packago needed to su- 
pport applied statistics teaching can be found below in Section 9). Since 
the time we began using Minitab on the multi-user Comarts, all stu- 
dents taking statistics courses at Buckingham have been exposed to at 
least the -rudiments of the Minijtab command Languaige. This has enabled 
them to do simple data analyses, and to pi^ctise exercises designed to 
illustrate basic probabilistic and statistical princi/ples. Some students, 
biology majors in particular, go on to use Minitaib extensively in pro- 
ject work, 

6. IBM PC-Compatible Micros 

In the previous section, I notod the emergence, in Nefff^ndorf s 1983 
list and the 1983 SGCSA register, of statistical software runmng under 
the PC/MSDOS operating, system. It is apparent from these lists that, 
when the IBM PC was launched, and soon fciJlwed by compatibles and 
"clones'*, many of the programs originally mark^)M for CPM weix> 
quickly adapted to run also under PCMSDOS. A look at the SGCSA 
registers of 1985 and 1987 shows how dominant PC^MSDOS has become 
since then as the major microcomputer operating systcMn for sta(ti)3ti:'al 
software. The 1985 SGCSA register (Cable et al., 1985) included 100 
items for micros, of which between two-thirds and three-quarters (77) 
ran under PCMSDOS. In 1987, according to the latest SGCSA registc^r. 
the domination of PCMSDOS is even more pronounced: of 158 pro- 
graans for micros on the register, nearly 90o/o (138) aire listed as running 
under PC MSDOS. 

One very notable trc^nd has been the implementation by major soft- 
ware houses of micro versions of well-<^tablishcc] statistical nrogr^m^ 
that ran {previously only on main-frame and mini comfouters. Relati- 
vely few well-known main-^frame ])ackages became available under 0PM, 
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almost oertaiaily because of the memory restrictioifis im,posed by the 
operating system and by the machines on which it ran. Minitab and 
GLIM weirie two ouitstanding exam.ples of widely used statistical pro- 
grams that did .migrate to OPM micros. With the larger RAM and hfnd 
disks available on the IBM XT/AT and compatibles, the situation un- 
der PC/MSDDS is very different. The 1987 SGOSA register contains 
PC/l^DOS versions of all the well-known «<imain-frame names" in 
statisticaa softwane : for instance, SPSS, SAS, BMD?, Genstat TSP. 
Soritec, P-Stat. 

Buckingham's move |to IBM XT compatibility took place ixi the end 
?Ini^^^' equijpped a new Com^puting Laboratory with Olivetti 

M24 micros. This was part of our prcpanations for launching new aca- 
demic progf-ammes in Computer Science. The Olitvettis are used also 
in support of teaching in other academic programs. As far as com- 
puting support for statistics teaching was concerned, continuity was pro- 
vided by Minitab. We now have multiple copi^^ of Release 5.1 of Mini - 
jab for^ IBM PC/XT/AT-compatible miOTos. Apant from speed of opera- 
tion, size of worksheet/and ^aphical capabilities, this is essentially 
identical to the version of Minitab currently available on miiin-frame 
machines, and is an excellent teaching tool. There are now quite a 
number of introductory statistics texts that incorporate Minitab as a 
pedagogical aid (e.g. McGhec 1985 ; Howell 1985 ; Kvanli et al., 1986). 

We have also enhance :1 our facili^iies for research work involving 
aippJied statistics by buying single copies of SPSS PC +, Soritec and 
Statgraphics. 

7, What Will Fqllow PC/MSDOS ? 

The total numbe.r of items listed in the SGCSA registers has grown 
markedly since 1980, from 113 to 207 in 1987. This groW|th is accounted 
for by the increase ih the number of programs avaiilablo on mia-ocom- 
putems, which has gone from 3 in 1980 to 158 in 1987. After a brief 
period in the early 1980's when C3PM and Apple were the mo.st popular 
microcomputer operating systems for staltistical software, the market 
has become dominated by PC'MSDOS software. The number of items 
in the SGCSA registers running under CPM and Appledos has re- 
mained fairly statistic since 1983 (28 and 19 items respectively in the 1987 
list) but they now form a much smaller proportion ol the total than 
previously. ij,: 

What of (the future? What can we f'xr|5ect of tho 1989 registw ? 
Given the large investinent by softwaa-e houses in PC/MSDUS software', 
it seems almost inevitable that in the next few years we see a contin- 
ued presence of this operating system, accompanied by adaptation of 
software to the newly announced IBM micro operating system, OS/2, that 
will run on its PS/2 range of micros. ' 
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8. Some Practical Probkms 

A brief mention is worthwhile of two ^'comi-nerciar' problf^ii that 
we have experienced. So fair I have tended to stro:s the advantages 
that microcomputers, and the falling cordis of hardware and softwai-e, 
have brought to a small instibution like Buckingham University, They 
liave enabled us to roach our current position of having a numbei* of 
*^iain-frame-quality** statistical packages available and running succes- 
sfully on desk-top micros, at a considerably lower cost than would 
have been the C'Ose had main-frame computers been the only purchase 
option. But as a small institution we have oncouterod s>tumbling blocks 
wifth (pricing policies for multiple copies of softwaire. Though thern? is 
no doubt that microcomputer software often offers cost advantages over 
main-frame software, cuirrent pricing policies adopted by software 
houses for multiple copies of softwai^e can cause problems for smdl 
organisations. 

At the time when Z80 micros and the CPM operating system fig- 
ured prominently in the market, multiple-copy purchase arrangements 
varied widely between companies, because the market was new a^nd 
still se1;tling. Arrangements were often favourable to academic institu- 
tions, regadless of size. Sorxie examiples, for European and U.S, com- 
panies, are given by Rowe (1984b, 1905). The favourable position was 
almost certainly due in ipart to the fact that the majoiri,ty of the soft- 
ware available had been written spexnally for micros. 

Now, on the other hand, as no;ted above, we have available many 
sophisticated statistical programs that have been adapted from main- 
frames to PC/MSDOS m.icros. In general, their size and relative com- 
plexity mean that they conumand hijgher prices for single copies, and 
purchase oa- licence an^angements for multiple copies tend to be mode- 
lled to some extent on licence arrangements for their main-frame fore- 
bears. For single-copy purchases, it is not unusual now to find that 
one piece of complex statistical software can cost as much, or more, 
than the hardware on which it is design^ to run. Licence arrange- 
men,ts U.md to be favourable for institutions that need many copies of 
the software, for example in the fifties or hundreds, but much less 
favourable for those that need only 5 or 10 copies. Cambridge University, 
for example, evidently has a licence arrangement for SPSS,TC+ tha;t 
enables the University to sell copites of the software outright to mem- 
bers of the University for about £ 150. An institution that uses only 5 
copies of SPSS/PC + will pay oomifortably in excess of this sum each 
year, per coipy, to licence its use of the package. 

Large, sophisticated pieces of statistical software for micros ,tend, 
for obvious reasons, to bo carefully protected from illegal copying. A 
common system of proteqtion is the **key disk*' arrangement, whereby 
a specit>l diskette must ivside in the floppy disk drive of the micro 
when the program is loaded, and sometimes also at other poin;ts during' 
operation, for instance when modules of the program are swapped 
between RAM and han*d disk. I®sue and retrieval of multipfle key disks 
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in the classroom »i|tuation can be an administrative head^he, and even 
more of a problem when students wish to pursue exercises and project 
work outside sch^uled cla?5s hoxirs. Minitab has now mov^ to a pro- 
tection system in which the "key'' can be installed on the hard disk. 
This is a much more conv^enient arrangement, but in its present form 
oanries with it the danger ,that the **key'' installatito can be inadvei*- 
tently wiped off the hard disk, or otherwise corrupted, by users. For- 
tunately, the Minitab distributors have been understanding so far in 
replacing "keys'' that we have lost in this way ! , 

9» The Ideal Teaching Package 

It is pertinent to ask what our ex)perience over he last eight years 
or so has led us to expect of an "ideal" package for use on microcom- 
puters in support of statistics teaching. The iis,t below gives ten points 
,whi)ch seem to me importamt The list is ceitainly not exhaustive, and no 
doubt there is a certain amount of personal preference embodied in my 
choice of items for the lis,t. 

(1) A predominantly Interactive mode of operation, giving the user 
quick feedback on the results of his/her actions, so that he/she can react 
appropa^iately before the next stage of analysis*. Interactive working 
helps to split the analysis task into manageable pieces, providing the 
user with positive encouragoment in the form of output on the VDU, 
or warnings and guidance in the form of error messages. This is partic- 
ularly inportant for inexperienced users, who can find "batch"-styK^ 
operation very fi^ustrating when mistakes in one section of the command 
sequence prevent any useful output at all from appearing on [the VDU. 

(2) Detailed on-screen help, if rteeded, supplemented by good docu- 
tnentation. I have already remarked on error mossages in connection with 
point (1), but ithey are worth mentioning hero too. Error messages 
should be explicit and helpful, and should be designed iis part of the 
system of on-screen guidance. 

(3) Flexible data entry, editing and manipulation facilities. Ideally, 
these would include a good full-screon, spreadsheet-typo editor. The 
data entry options should make it easy to import data from o^her soft- 
ware packages, including text-processoi^, spreadsheets and database 
management systems. Export of data to such packages should also be 
facilitated. 

(4) A variety of options for producing summary displays of data. 
These would include Tukey-typc exploratory methods. One of the great 
merits of using compultei-s to support statistics teaching 16 that, given 
the right software facilities, students can relativolv easily and quickly 
subject da^a sets to careful descriptive exaniinatiiun before attempting 
formal analyses. 

(5) A wide r^ngc of built-in statistical procedures for the common 
types of ''formal" analysis, such as regrossicm, analysis of variance, mul- 
tiv<u*ia^te techniques. 
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. (6) User control over the form and extent of output, but with sen- 
sible default values built in if the user chooses not to exert control. 

(7) Good graphical output, especially on-screen but also, to prin- 
ter/plotter. Graiphioal facilities would iend' particular supporit to ^4) 
and (6). , ^ 1 w 

(8) Fast operation. This is, pcrhaiDS, a convenience rather than a 
fundamental necessity, bu;t if practical statiBtical computing sessions are 
to be conducted within a reasonable time-scale (e.g. 1-hour or 2-hour 
sessions), it is desirable that the software should work efficiently. There 
is also the point that usea^s tend to become discouraged, bored or frus- 
trated if they have to sit for long periods waiting for results to appear. 

(9) Flexible faciUties for Monte Carlo-type simulation. A good teach- 
ing package will allow users to investigate sampling variability, the 
central limit theorem, and the coverage pro,perties of confidence in- 
tervals, for example, in a "pseudo-practical" way . (see, e.g., Horgan 
1985; Saunders 1986; Bloum ot al., 1986). This will entail options for 
generating rajidom data, and for calculating , probabilities and expected 
values, from a range of dis,tributionaa forms. 

(10) Extendable by the user, e.g. by moans of "macros". The ability 
to develop and store command sequences will enable the user to pro - 

, duce analyses that are not provided routinely by |the package, and will 
facilitate simulation exercises as envisaged in (9). If the command stiuc- 
ture of the package is s.ufficien,tly rich, the ablllity to produce useful 
macros can be provided by , relatively simple control structures. 

In drawing Up this list, I have focussec on the requirements for 
a statistics package to.be used in suipport of teaching. Indeed, I have 
had primarily in mind the needs associated with students who come 
with little or no experience of statistics, and who do not intend to become 
statistical exiperts. The list might well be somewhat different for 
statistical specialists or researchesr in other disciplines who use sophis- 
ticated statistical techniques in their work. For example, statistical spe- 
cialists may well want relatively .sophisticated progra'mming facilities, 
(nather than just an ability , to create simple macros. Nevea-theless, any 
package that fulfilled ;ill the critteria implied by the list above would 
inevitably also be a very useful tool for much of the aipplied work done 
by speciaJists in statistics and in related disciplines. 

Release 5.1. of Minitab for PC'MSDOS micros scores welil on most 
of the above points, falling short on only (6) and (7) perhaps. I have 
recently had the oppor'.unity to review a relatively new package, 
Instat, produced by the Statistical Services Centre at the University of 
Reading, England, which is equally impres-sive as a teaching aid (for 
a review, see Shoesmith 1987), though leaves something to be desired 
in repect of (0). 

When I drafted the above list, T originailly included the item 
"simple and consisted comuTiand syntax", but eventually omilttod it 
because it might seen, o pre-empt the choice between command-driven 
and menu-driven mo lis of use. Some of the remaining items in my 
list — (9) and (10), most probably — may still give the itmprossion of 
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doing this. Judging only the basis of statistical packages that I have 
^^^^inclined $0 feel that the criteria in my dibt are more likely 
to be Mled by a command-driven package, like Minitab and Jnstat, 
than a menu-driven package. The range of options that can be concisely 
and quickly dealt with by good command-driven packages seems 
wider than tha,t of the best menu-driven packages available. Yot given 
fast hardware and a weU-impiemented WIMP environment (windows 
i^ons, mouse, pull-down menus), I see no reason why a menu-driven mode 
of operation could not be made to work satisfactorily (if not optilmally) 
on aU counts, except perhaps (10). The ideal would be a package that 
gives a genuine choice between command-driven and menu-driven 
modes of operation, so that users can switch depending on thoir per- 
sonal preferences and degree of familiarity with the package. This 
too, woujd give the opportiuni;ty to do a. real test of the user interfac^ 
that students prefer. Most experienced statisticians express preferences 
cUff^°"^U^ packages, but inex,perien:ced users may think quite 
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1. Introduction 

The importance Oif computer graphics, as a scientific discipline 
dealing with computer aided graphic information processing in the most 
diverse fields, es>pecia'lly in computer-aided design (CAD) is constantly 
growring. Parallel to this trend a demand to include mandatory com- 
puter graphics in the curricula of Faculties of Mechanical Engineering 
of Technical Universities in Czechoslovakia has emergeid. It w^as in the 
school year 1000/81 that these ideas came to fruition and a new saibject. 
namely that of Computer Graphics and Numerical Methods with 2 
periods of lectures and 2 periods of seminar per week (2 + 2) came into 
being. In this intent an autonomous course (1 + 1) in computer graphics 
was started for the students of Mechanical Engineering Design in their 
fifth term. The rest of the students, about a third of the total ntmiber, 
could attend optional lectures in computer graphics. By starting these 
courses our universities joined the ranks of the most prestigious univer- 
sities world-wide. 

The successful introduction of this innovation was based on tho- 
rough familiarity with the proWems involved and positive results in the 
work of all those who had been asked to work in this field. In the fol- 
lowing we present detailed descriptions of the individual stages of 
preparatot rk before classes started and focus on instruction and 
exptTienco gained. Finally prospects for courses in computer graphics 
are assessed. 

2. Preparation for Computer Graphics Teaching 

At the beginning of 19S0 a num'ber of the teaching staff in the 
Section of Constructive Geometry within the Department of Mathe- 
matics and Constructive Geometry in the Faculty of Mechanical En- 
gineering of the Technical University in Prague wore given the task 
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to Start preparing courses in computer graphics in Faculties of Mechan- 
ical Engineering in Czechoslovalda (thre are 6 of them). These were 
experienced teachers who had been working in this field for a mimber 
of years. On the one hand tliey gained their experience in research 
work and on the other in organizing optional lectures in computer 
g]:^a|phics. 

There were four as]:octs to the prepai'atory stage : 

— formulation of course content and syllabus, 

— writing a textbook, 

— selection and preparation of software and its implementation 
on the computers of the the faculties, ^ , 

— preparation of teachers. ' 
In the first stage the basic course content was agreed on. Tho aim 

was to familiarize the students with the fundamentals of computer 
graphics and their practical application in the field of ' inechanical en- 
gineering, especially in toc^hnical- dr<iwmg, solution off design problems, 
design^ and manipulation with curves and graphical s/urlaces in en- 
gineering applications and in CAD. Special emphasis was put on con- 
crete individual solutions to assignments given to the students by 
means of a computer and a graphical output device. As a starting point, 
familiarity with the Fortran iRn^aage was assumed. Students were ac- 
quainted with it in their freshman year. 

The course syllabus was deduced from the main target areas and 
linkage to other disdplines, such as programming, numerical mathe- 
matics, constructive geometry, des:?riptive geometry, technical drawing 
and CAD. The syllabus consists of two elementary parts, which deal 
with, the means of computer graphics and the study of curves and sur- 
faces in computer graphics. In the first part the em;phasis is on program 
systems which the students must master before th^y can start solving 
problems assigned to them. 

The syllabtis in the computer graphics course is made up of the 
following parts : 

' — technical and prcgram means of computer graphics, 

— mathematical means of computer graphics, 

— basic graphics packages, 

— software for : 

— elements of engineering drawings, 

— planimetric constructit)ns, 

— stereomotric ctfnr.^»*Uf^tions, 

— analytical curves and surfa^s, 

— interpolation and approximation of ^ 

— curves, 

— surfiacos, 
' — OAD and computer graphics. 

The designing of the syllabus was followed by writing a textbook 
(1) which completely covered the syllabufj and served as a manual of 
program systems with which the students .were to work. For internal 
use of the teachers an appendix to the textbo(^k was iwritten Qomprising 
solutions to all exiercises included in the texlJbook* 
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In order to achieve the goal, i.e. to enable the students to;solve the 
t?U9Hs on a computer by, themselves^ it was necessary to take great care 
in prepjaring the software. Computer graphics software produced in 
previous years in the Section- of Conatructive Geometry were Used as 
a $tarting point. Identicail hardware at the majority cxf Faculties of Mecha-* 
ftical Engineering enabled to transfer the ijctftware and, in cooperation 
WiHh the,S(taf|r of computer centres^ to implement it on faculty com- 
pilters. r 

Selection of program systems was based on the subject syllabus 
and contained four extensive systems constituted by subroutimes in For- 
tran, , . 

FSIGRAF — basic graphics package, 
t ELEMENTS — elements of ejngineering drawings, 

PLANI -T- planimetric constructions, 

STEREO --r- stereometric constructlions. 

This sophisticated program stage could be connpleted in such a 
short time only due to, previously produced reliable software that could 
be us^ by all faculties without greater problems as soon as computer 
graphics teaching was introduced. 

The fiii(al stage belonged tp the most important ones as it was devoted 
to teacliei; training. Departments of Mathematics and Descriptive Geo- 
metry at all Faculties of Mechanical Engineering were charged with 
teaching computer graphics. For the teachers in these departments, 
computer graphics was an entirely unknown discipline and they had 
minimum experience with, computers. To get aquainted with the topic, 
the teachers had been given handouts of individual chapters of the 
textbook before it was published. Intensive teacher, training was or- 
ganized in two workshops lasting several days wliere the subjept matter 
wm explained in detail and practised. During an excursion to the com- 
puter centre, examples of ^graphical outputs from the computer were 
demonstrated. 

The teachers made every effort to prepare for teaching this new, 
and in its complexity, highly demanding discipline and were greatly 
interested in tlie task. 

In the end, it Is possible to say that preparation of the teaching of 
computer graphics was carried, out with great pains and in spite of 
extremely short time available, it was suocessful. It is necessary to 
appreciate the assurance of hardware and software for those courses 
n/amely the uniformity of this S'oftware which enables easy transfer 
of the programs and thus the exchange of studios in this field among 
the individual Faculties of Mechanical Engineering. 

3. The Rnn and Analysis of the Courses 

The first cooirse of computer graphics wius run in the school year 
1980/81 in cnmpliance With the binding curricula. Lectures were ac- 
conipanicd by slides projection and two instructive films about graphic 
peripheries and possiblities of rationalization in machme tool design. 
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COURSES IN COPUTER GRAPHICS ?A«fin3mS OP MECHANICAL ENOINEERlNa 

; rij Jn' the letftinte related classes simple ]5rograniis- 1ft Fortf an with ap- 
pWcationq. of. isuibrtoutines of graphic sysDems wer^ 'created. The etuden-U 
in additfiionqtof i written aco6qnt$'. d^aliiFig iwHh' computer geometiy' were 
eacptected'tovfu^fil av given /task' ieonsisttng as rule in an engflneering 
dtrawittgi of' a 'sitnpli» machine oarnponent by means of a computet with 
«. i|rap4^tc): output:; The fulfWment tof thW task was: a, precondition fo* 
credit obtaiiiingv To prevent overheating, of computer centres the 
tasks were organized in groups of 2 to 7 students. Even in the first !»un 
of ' ' ,<x>u»s^e such demanding problems as the; student's • computer tasks 
inv ilng gtraphid output Were successfully solved; ' ' ' i r .> 

The courses ended up with credit or the exam within the range of 
examination in numerical methods. ' i I . • 

The subject had met with a positive response on the' part Of the 
students which resulted in their participation iri the Students' Scientific 
and rechnioal Optional Activity in the field 6f computer graphics. 
' ' The initial insufficiencies were removed and classes were consoli- 
dalied in the' following years. Technical equipihent ami software wer6 
improved too. The lecturers also could rely on their e-tperience result- 
ing from the previous preparations of the coUrse. Better condftioh^ 
foimd their expression in higer level of the results of students' works ; 
to some 0* them very definite standards could be applied. Work ^oups 
jointly involved in eredit tasks Were reduced to 2—4 Students. More 
students are ta-king part in the Students' Scientific and Technical Op- 
tionalr Activity in the field of computer gr&phics and they g^ very 
good placing, e.g." students of the Faculty of ' Mechanical Engineering 
m Pmgufe Advanced once to the all-state, and twice to the international 
round 6S this coinpetition. ' - •< 

The. seminars aimed at the exchange of experiences among lecturers 
ahd at better use. of software and teaching aids, are .■rgianiz^ every 
year for the members df the academic staff and they have proved to 
be very useful. In the related accounts the subject of computer graphics 
and its curricula are widened iand more deeply dealt with, together with 
its practical application even in conrtection with the field trips to indi- 
vidual enterprises. These seminars had consideraiblc effects on the con- 
solidation of the courses and helped to reach the objectives of the 
lectures. The exhibiton of students' works which are up to standard 
and provoke much interest prove the ability of the students t^) work 
individually with the graphic program systems and they inspire lectur- 
et^ in setting the credit tasks. 

' On the whole it can ,be stated that the ,main abjective — to enable 
the students to get practically ^quainted with the posisibilities of com- 
puter graphics — has been reached. Though the numibers of students 
participating in the courses are comparatively large" (more than 600 in 
Prague), each student has a definite computational task to solve and 
is given a graphic document about the result of his work. A nlimber 
of students cjwi apply the results of the courses to the solution of tasks 
connected with the Students' Scientific and Technical Optional Activity 
or witJi their dissertations. 
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4. The Outlook for Computer Graphics Teuching 

Computer graphics teaching will provide students with the basic 
knowledge of a discipline whif-h is an important part of a new promis- 
ing branch — computer — aided design. No reference to CAD is possible 
as yet since CAD teaching has not beon provided for in the syllabus so 
far. This is partly related to the fact that there is still no technical 
equipment available ilt^\yc{\i]i^ it pq^siljije) iny^lenjiqat tlje prac- 
tical part of CAD teaching a) ,the^<tepij»We, lexel^.e.^ 
mode. Therefore it is necessary Wrc6hi{yAWr gr^phlc^ be sup- 

plemented by work with interactive graphic systems to prepare students 
for interactive work with CAD systems. \ . , . . 

This is the reason for the modification of the subject's scope in- 
volving expdnsSSon by itopicsi*defilhig'ivt'ith 'iht6rattiVfe' comiplitei" graphics 
and geometry issues in the CAD system on the one hand and reduddon 
in the po-esent-day emplhasis on elements of passive jpq^^putgr graphics 
on the other hand. 

. . Once tfie^ difficulties with ,technj(?al equi been solved, a 

no. less serious profblem of,;So;ttwa.re for interactive computer, graphics 
^illf,^ifise. ,Qreatioix of such sofi^ware extremely difficult from , all 
aspect^ and .should be paid great attention, to . ■and arranged ifor in ad- 
vance. Also teacher training requires special attention and suitable 
seminars for itjhiis purposp will have to be organized. In, this respect, 
togs \yiU. be, simplified by th^ fact th^t teachers have gained a great 
d?al of valuable experi^ce.iwiith and. have ovefconw? their shyness of 
c<?p^puter technology. , i 

'.' When Universities have been ' furnished with interactive graphic 
^ysteims, changes to the. syllabus of computer; grapnics teaching will 
have to be made acxiordingly. These changes are hardly compatible with 
today's minimvm extent of teaching units (1 + 1) which should the- 
refore be increased by one unit. It is also desirable that the subject 
bo accorded rating not just by credits, but also graded credits. / 

The increasing use of computer technology, in problem-solving 
within various branches of technology and the predictaible and inevit- 
■aible arrival of 'OAD at design centres of our enterprises has to be taken 
account of in the preparation of future engineers, a trend which must 
be reflected" in computer graphics teaching as well. At the same time, 
it should not be forgotten that geometrical means used in cdmputer 
graphics derive from constructive geometry which thu«^ becomes the first 
link in the chain taken up by computer graphics and CAD. 
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ON TITtE way to chaos — AN ANALYSIS 
OF A ^'AMIXiV Olp LOGIS|TlC MOiDELS 

Tuula KINNUNEN i 

Turku School of Economics and Business AdministraUon/ Finland ; 
1. Introduction 

The conventional way to study what ib the system behioid an ob- 
served time series is to use well known standard methods of time series 
analysis. The main characteristic of standaiid analysis is that, when an 
analyst is making choice of la model for the system he/she is usually 
nojt Interested in any complex nonlinear features but mainly linearities 
on nonflinearities only in a narrow region. Possilblie nonlinearities will 
usually remain undetected in the noise, In the recent years, complex 
features of systems and their realizations in time series has got grwving 
imterest among researches. The aim of the analysis is to reconstruct 
such a dynitmical law for the system which is able to .produce the ob- 
served time series and to explain the occurrence of oscitllations of 
chaotic nature. 

The law can be presented for instance with the help of difference 
equations. Some difference equation, even very simiple ones, can reveal 
very complex behaviour in addition to the ordinary fixed point beha- 
viour. This complex behavi«our can be either limit, cycle or chaotiic be- 
haviour. The development , of computers has given a new alternative |to 
study these phenomena : Complex behaviour can be powerfully revealed 
with cpmputationi experimeints. Amongst the firaj; ones R.M. May and 

G. F. Oster made such experiments <see. [10]^ [11]), E.g. T. Kinnunon and 

H. Pastiljn havtv continued makjing these experiments with the same 
models and also with some other models [4], [5]. In these experiments 
the chaotic behaviour of some one~dimensional difference equations 
was studied with the help of computed bifurcation diagrams and Lya- 
punov characteristic exiponents. These difference equations define 
growth models, seme of whirh are often encountered in wonomic lite- 
rature and some of which ave derived from the other models. The ana- 
lysis is continued in this paper. 

The models that will be studied in this paper form a family of 
logistic equations ; all of them have some connection to the logistic equ- 
ation. When these model? are used for modelling real dynamical sys- 
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teiils, paran^eter setting aind estimation Ms a great iltnport^hce, because 
even small Changes In the parametet- values oail injtroduce quantitative 
and qualitative changes in the behaviour of the system. These chants 
in turn eifect to the resuljts when these models are us^d^^or forecasting. 
In thiis paper some of the critical iparameter valiies concerning the 
models are gathered together in one table and comparisons between 
models are made. - 



2. The Family of the Models 

The one-dimensional growth imodels treated in this study have a 
connection with the mosit often analysed growth .lodel, iihe logistic 
model : ' • 

(1) x,+ i = rxtd — xt) 

or with one variation of it, the exiponentiad form 

(2) Xt+i = Xtexp (r(l— Xt)). 

(For the origin of the models that are found in the literature see 
f'2], 17], [10], [11], and for the models that are derived from the other 
models see [4].) 

Other models analysed in this study are given in equations (3) — (14) : 

(3) x,+, = x.(l + r(l- X.)). 

(4) x,+i-= x,[l + n(l-x,) + (r2/2) (1— x,)2], 

(5) x,+ , = xt[l + r(l— x.) + (r2/2) (l-x,)2 + (rV6) (l-x,)^], 

(6) Xt+i = Xiexp(r<iL— Xt)), where 0<L<1, 

(7) x,^., = ^xtl-^ 

(8) x, + ,^xr(l— bln(rxt)), 

(9) x,+ 1 .==. riXti-^r2exp(— Xt), 

(10) x,+i=:xt(l — bln(riXt))r2exp(— xi), 

(11) x,+, x,(l— bln(rix,))r2(l— X,), 

(12) x, + , = x,(l— hln(rix,))r2(l— X, + xt2/2), 

(13) x, + i = xtexp(riXt'"-i — r^Xi"-^) and 

(14) x,+,=,xt(l + riXt'^— r^XtN). 

In the models (13) and (14) ri, >0. In the model (13) n>m>l and in 
the model (14), N>M>0. 

The models (2), (6) — (9), (13) — (14) and especially the logistic 
one (1) and (3) have been used cither in their discrete or continuous 
form foa' econwunit' problems such as innovation diffusion, foretasting of 
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en,ew|y{<x)nsuicaption, car, pr<wjluction, on for , biological prGiWems .suct^ 
the igr^awth 9!? an organism, the growth ,pf a populaytiion; or .for demo- 
gra^phi9al pr-obleans such, as comparative ^X]xdy of . demognaphic strate- 
gile6,.<fi.tc.;(9ee,[2],(7], [3], [9]). , • , - , ■. '. • , 
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Fig. 1. A family of logistic models 



111 the chart above the arrows show the logical relaticnships between 
the different models. An arrow shnws from which model(s) a model 
has been derived. This deriving has been made either by simplification, 
by transformation, by taking a MacLaurin expansion, or by connecting 
parts, of two models. 1 
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3. A Demonstration of the Behaviour of the Models 
3.1. Bifurcation Diagrams, and Period-Doubling \ 

Behaviour of these growth- models has been analysed with blfurDa»> 
tion diagrams and Lyapunov characteristic exponents. All parapieters 
except oH'^ are fixed and the behaviour of the models as a function 
of this one parameter is studied ([4], [5]). One example of a different kind 
of behaviour in a growth model is provided by the model i (8). 

Figure 2 is a typical bifurcation diagram. It was created by making 
several runs^^h different values of the parameter b. The parameter 
r has the 9ftffiie*^lue'"(r*»-4)..in all these runs. With a certain v£|lue of 
the paramj^ "1^ one hundreSSiterations were computed according to 
equation {m^mA after that the i\ext 50 iterations were plotted. As can 
be seen with Jhe parameter values tne ^liOr ^.O) the *systeM reach^ 
the point xt ««'0.25 with the fu^t hundred iterations and stays there. 
An attractor (i.e. a point or a region that attracts all the nearby points) 
that has this lynd of behaviour is called a fixed point attraictor. This 
fixed point can^-^be found analytically <for solving the fixed 'points 
of difference equations analytically see [10] p. 460) by solving the 
equation * 

(15) F(x)-=x, 

wheie F(x)=.x(l-bln(rx)). This yields the splution xo = l/r.. A fixed 
poliit is locally stable (an attractor), if |F'(xo)| < Iv For the equation m 
this yields |F'(Xo)| = |l-bln<rxo)| « |l-b| < 1. Thus the fixed point 
Xo-^l/r is locally -statole.'iwh'en 0< lb <'2 Tega«31iBss ofnhe value the 
parameter r assumes. Figure 2 confirms this result in the interval fl. 2) 
with x=:l/r-=0.25. 

A small increase in the value of the parameter b causes the sys- 
tem to eventually oscillatg between two points. When the vilue of the 
parameter b is increased, the system eventually oscillates between four 
ipoints, and with a further increase between eight points, sixteen points, 
etc. This doubling in the number of the amount of the points that the 
system is oscillating between, continues until from some parameter 
value, bk, and onwards the behaviour appears chaotic. This chaos is, 
however, deterministic : Repeating the run with the same parameter values 
and the same inil':il condition, the same .sequence of the values xt is 
obtained. An attr;Act:^r that htis this kind of chaotic behayfeur is called 
a chaotic attractor 'vhereas an attractor that consists of several fixed 
points between which the system cycles is called a limit cycle. A limit 
cycle which consists of k points is called a limit cycle of period k. The 
points can be found analytically by solving the fixed points of thi* 
kth iteratG F('^)(x)-=F,(F«»^-»(x)). P^or example the points of the limit 
cycle of period 2 can be found for. the model (8) solving the equation 

(16) F(''')(x)-»x, 

where F<2)(x) F(F(x)) = x(l-bln(rx))(l-bhi(rx(l-bhi(rx)))}. As can be 
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Fig. 2. The bifurcation diagram for the model (8). 
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Fig. 3. The eSicci oi th^ paramcto* r in the model (fl), b =s 1.5 
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foreseen from this equation, finding the limit cycle analytically soon 
becomes a tedious task as the period number increases. ^ 

The fixed.jioint.attractor-can. he-regarded .as a. special qase of ^thc 
limit cycle attractor ; it is a limit cycle of period 1. 

For the chaotic attractor it is typical that there can be some para- 
meter values that give limit cycle behaviour. The period of the limit 
cycle is nbt necessarily of the period 2** but the period can be any 
possible integer. (For analysing the period number possible for a difference 
equation see [12].) Some limit cycles can be seen also in Fi|gure 2. 

Figure 2 reveals the behaviour of the model (8) as a function of 
the paramieter b. The effect of the other parameter, r, can also be 
analysed. This has been done in figures 3—5 where r e (1,20). To 
see what jkind of change in the behaviour the parameter r brings, the 
value for the parameter b for figure 3 is picked from the f'xed point 
region (see Fig. 2), giving b the value 1.5. According to Figure 3, only 
a fixed poiint attractor can be found. For Figure 4 the value for the 
parameter b is picked from the limit cycle region <with the period 
number two). Figure 4 drawn with the value b«=-fi.3 gives only a limit 
cycle of period 2. For Figure 5 the value for parameter b is chosen 
from the chaotic region, b = 2.55. Only a chdotio attriictor can be 
found. According to Figures 3—5 the .parameter r does not change 
the quality of the behaviour. It has merely a scaling effoct. 
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Fig. 4. The effoct of the parameter r in ^the model (8), b = 2.3 



217 



ERIC 



214 



ERIC 



ON THE WAY TO CHAOS - AN ANAtYSK OF; A FAMILY OP LOGISTIC MODELS 

Xit > 
1.5 

i ; 

t ■ 

6.5 



0.e 




Fig. 5. ■riie effect of the parameter r in the model (8), b = 2.55' , 



As can be seen later with other models there cat^ be more than 
one paranieter which changes the types of behaviour. In the lieht of 
the models studied it seems to be rather an exception than a • rule' 
that the parameter does not effect the type of behaviour. 

3.2. Lyapunov Exponents , 

Information about the type^; of behaviour can also obtained by 
computing Lyapunov characteristic exponents. The Lyapunov charac- 
teristic exponent is defined by the formula (for this formaila and for 
the following stability limits see [1] p. 53) : 



(17) 



N 



LjE(p)==lim [(1/N) 2 ln|F'(p, x")!] 

N-fao n-n 



where p is the parameter under study. 

It can be easily seen that the value LjE(p) is associated with the 
average local stability of an orbit as follows : 

i) If LjE(p) < 0, the orbit is locally stable, 

ii) If Ljfi(p)»=0, the orbit is neutrally stable, 

iii) If LjE(p) >iO, the orbit is locally unstable. 

For a bifurcation diagram i), ii) and iii) mean that 

i) there is either a fixed point attractor or a more general limit 
cycle attractor, . 
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ii) a olp^^ige ill the type, of th^e attractor period*<4oubling occurs, 
t 4M)! tiie attra^?tor is .cha(<)tic. • " . ^ 

- The €Stimat€(s for the Lyapunov characteristic exponent as a func- 
cion ofithe parameter b lor the moder(8) can be seen i« figure 6. For this 
figure 400 iterations at each of 2000 increments of b in [2.0, 2.7] were 
used. The value LjE(2) « 0 indicates a change in the t ype of the attractor 
or period — doubling. According to PMgure 2 this can be identified as the 
first period — doubling. The third time when LjE(b) has a value 0 is 
when b «^ 2.47. ' 

With that value the limit cycle of period 8 appeart the first timo. 
Soon after this value of b chaotic region begins (LjE > 0). Signs of 
limit cycle behaviour are the negative values of LjE(b) in the chaotic 
parameter region.' 




2.0 2.1 2.2 2.3 2.4 i?.5 2,6 2.7 b 

' .. FljSI. 6. Lyapunov charaoteristic exponents for the ■model (8) , 



4. Behavioural Characteristics of the Model Family 

Some critical points of the behaviour of the models studied are 
collected into table "Crit cal values for fixed point and lihnit cycie 
behaviour for the models (1) — (14)". For each model in the table 
there are ; 

i) The iiai'ametor whose effect ita the behaviour has been analysed 
and the parameter interval that has been used. 
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' ii) The fixed values bf the other jparameters in th6 rrtodlel/ ' ^ 

iii) The direction of bifurcation devel^phtent/If the period nuhiber 
of the., limit, cycles increases through, tjie periodrdoublings when the 

^ value of the apdlysed parameters is increased, the direction of bifurca- 

I tion dpvelopnieRt is marked with: *^+^\ The bifurcation diagram opens 

to the right If the period numlJer of the limit cycle increases through 
period-4otrt)lingfi when i the value of the analysed parameter is decrea- 
sed, the dircQtion of bifurcation djevelopment is mari:ed with 
The bifoM-oation diagram opens to the left. 

iv) Xhe coUifun marked ^Fixed point attractor region begins" gives 
the value o| the^ analysed pairameter where \he fixed poinjt attmctor 
region begins in the analysed parameter interval. If this vaijue is the 
first point in the studied interval and the direction ^f bifurcation 
deveflopment is + or the last point and the direction of bifurcation 
development is — , then ,the fixed point region could have beigun 
outside the studied region. The region extends from this point in the 
bifurcation direction of the parameter interval up until the parameter 
value given in the next column. 

v) The column ^^First period-doubling occurs*' gives tho para- 
meter value at which the first peauod-doubling in the analysed para- 
meter interval occurs. 

vi) The column ^Umit cycle of period 8 apperas'' gives the para- 
meter value for the third period-doubling, i.e. the parameter value at 
which the region for the limit cycle of period 8 begins. After the 
third period-doubling subsequent doublings occur quickly and the 
chaotic region begins relatively soon after this point, y 

After rough estimation with the help of the bifurcation diagrams 
and Lyaipunov exponent figures the limiting parameter values for the 
table '^Critical values for fixed point and limit cycle behaviour for 
the models (1) — (14)'* were obtained making experiments with Kogak's 
computer package PHASER (see [6]). The results are given with the 
precision 0.01. Before confirming the type of the attractor 2,500 itera- 
tions were made for each parameter value combination. . 

Three of these models ((i) — (3)) have been studied eadier by 
several authors {see [10], [11]). The most often used model, the logistic 
model, the logistic modell (1) has been analj'sed finst. The fixed point 
attractor region begins in zero and the first period-doubling occurs 
when r««3.00. The third period-doubling occurs when r?^ 3.54. This 
is the beginning for the limit cycle of period 8. Soon after this chaos 
appeams. 

Another often analysed modefll is the model number (2). For it the 
fixed point region begins when r is zero and the first period-doubling 
occurs when r — 2.00. The limit cycle of period 8 occurs when r ^ 2.66. 
As for the model (1) soon after this parameteflr vailue chaos laippears. 

The models (3) — (5) are derived from the moded (2) with the help 
of truncated MacLaurin expansion. Thus it is no wonder that the results 
for air these four models are rather clo^e to each other. The fixed 
point region foor them begins with r^ 0.00. The first period-doubling 
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Table. Critical values for fixed point and limit cycle behaviour for the models (1)— (14) 
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Analysed 



Direction of ^^^^l 



paramDtor bifurcation 



an;d parameter 
intewal 

ri 6 (0,4] ■ 

Ti^ (0,2) 

n e (2,7] 

me (1,3) 



fixed 
parameters 



r2 i,m r= 2 
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0.00 
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2.00 

2,00 

3.00 

1.25 
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Table (continjitecl) 

v; • ^ 

period cycle of 
uout>linjG[ period;, 8 
occurs appears 



1.41 

7 • 



3:*8 

1.53 
1.87. 
1.18 
2.48 
0.58 



0.86 . 

3-90 

1.21 

2.12 

0.»7'' 

2.88 

0:34.- 



iSSS^tL^f « Value >ft>r 63a of these W'iii^dels. 

•mje^bstoeforwrntloni'^i^ the^m^ Jnodel (l") causes the 

^nfee lof .on» MittifJln the- *aitameter. m^' can -be se^i also Jn the 
table when the results for thestv two models !are compared. The model 
(2) IS a special case of the model (6). The increase in L in the model {6) 
has caused the acceleration in the bifurcation devellopment. 

For the model (7) no chaos has been found, but i^"'ffiws" the Wit 
le of period 2 with — o-o>«^* 1... u ^ , .° 

16S' th^ cOmipUtatibi^ 

H. *62 wheife the' mode 

•hti6'b#fen analyse^.'- 

i^^P^ For tfie model'iffl) the 
■^*'^f^^^(^"^}f^^^'^ J>aye:.b^^ studied. iSWev^^r the 
.f£f?* ?! PM^n^f^V. Tz <?(>t{i^,^^^ hern(; becaufe' the ana- 

lysis, of a piirameter r— nr^ can be made insteait! of the analysis of the 
r^lw!f 1' J^^?? r2'-l..The chaaiges in either para^neter" can lead 
to.;^n^ollc .beha/viaur The .parameter v^lue cpmbihatio'ns. giving liniit 
cycle behaviour are^ j^lvenjn^^/'j'^ble.; decrease in the value 

ot the ,aJialy5ed, parameter' (b) or increase (r)) leaas soon to , chaos. 

For the models (10)— .(i2) only the effects of the parameters b and 
^2 ape analysed,^ For ^he analysed parameter there are parameter values 
which give a fixed point attractor. Wto - the v«lue of .^he panameter 
IS picked, ^fom . this fixed, point, region , and the effect of the other 
parameter is analysed , the change tp, chap?; occurs with tile changes of 
the v^li^es this . other, parameter. Thys both parameters can cause 
alone chaos. The values for limit cycle behaviour on the way to chao.s 
are given in the Table. The results fpr these three models are the same. 
This IS np wond^^l^ause th^ .models <11). ^, (12) can be obtained from 
the model (10) with truncated MacLaurin expansions. 

. For the mode'ls (13) — (14). the effects of all the four parameters 
have been analysed in fiome parameter inter\'al. E.g. for the model (13) 
the parameter r^ 6 (0,4]. For the next.;pai:ameter to be analysed (to) 
the value for (r,. has been picked, from the limit cycle region. Other 
parametep have tlie same values as when the parameter was arja- 
lysed. All the parametcirs are analysed like this choosing the value for 
the parameter to be fixed from the fixed point or 'limit cycle region 
If the given value for the limit cycle of period 8 is further increased 
?or the model (13) (14)< when parameter r, or n (N) is concerned, or 
decreased when the parameter r, or m (M) is coiicomed, ch^ios soon 
appears. All tiiose parameters are a))le to cause chaos. The parameter 
values on the way to chaos are given in the Table. 

5. Concluding Remarks 

In ithis paper 14 growth models were aiialy.sed. Thirteen of tliem 
went through jxiriod-doublings into chaos. On the one iiand this gives 
evidence of the possible usefulness of these models in forecasting 

223 

er|c ^'^0 



ON THE WAY TO CHAOS - AN ANAli1^|?i OF A FAMILY OF LOGISTIC MODELS 



complex behaviour of systems and m the oth^r hand it lempbaisiaes 
the itppqrtance odf car^yl parametej' setting when those models ' are 
«sed,, Tliis study also shows that chwtic behaviour is a general pheno- 
menon, wh^n growth models are concerned. ^ = 

, references' \ ' ^ 

|< ,Crutchfield, X». Farmer, J, D,, Hubenmaan, A., Fltiotuaitlons and Simple Cha- 
otic Dymmics, Physics Reports, Vol. 92, No, 2, 1982, pp. J46— 82, 

2. De Palma, A„ Droesbefee, F„ Lefevi^e, CI,, Rosinski, Moji^les Math6matiques 

de Base pour la Diffu^^m des Innovations, Belgian Journal of Operations 
Research Statistics and Computer Science, Vol 26, No. 2, 1086, pp. 37—69. 

3. Kinnuni^il,^ T„ On the Attractors of Some Discrete Time Growth Models, 

a papie/ presented the Fourth EURO Summer Institute, Turku, EMnland. 
' 1087. ' ■■ " ' \ ' ' 

4. Kinminen, T.. Pastijn, H., The Ohaotio Behaviow of Growth Processes, in 

Teo, K. L., Pmil, H., Chew, ,K. L., Wan|r, C. M, (eds.) : Optimization : Tech- 
niques and Applications^ the Prdteedings of International Conference on 
dptimizatlon : Techniques and Applicationif ICOTA 8—10 April, 1987. Na- 
tional University of Singapore, Singapore, 1©87, pp. 270-^3. 

5. KlnnUtien, T., Paslljn, H., Chaotic Growth ; Attraotors for the Logistic Model 

of P. F. Verhtilst, Revue X (Belgium), No. 4, 1986. , 

6. Kogak, H., Differential and Difference Equations through Computer ISirpe- 

rtmenti?, SprJjig^-Verlag, New York, 1986. j 

7. Lehreton, J. D., Mtiier, C, Modkles Dynamiqucs Deterministes en Biologic, 

Ma.sson, Paries, 1982. 

8. Marchetti, C, On^ Energj Systems in Historical Perspective, Contributed 

paper for Berfiard Gregory Lectufe, CERN, Geneva, Switzerland, Novem- 
ber 13, I960. 

9. Marchetti, C , Time Patterns of l^hnologbal Choice Options, Invited Paper. 

Conference on Time Preference — An Intei^iiscipUtiary A::>proach, Wia- 
senfichaltszentrum, BerlLn, FRG, Decenvber 16—17, 1985. 
10» May, R., Simple Mathematical Models with very Complicated Dynamics, Na- 
ture, Vol. 261, 1976, pp. 459—467. 

11. May, R., Oster, G. F., Bifurcation and Dynamic Complexity in Simple Eco- 

logical Models, The American Namralist, Vol. 110, No. 974, 1976, pp. 573—599. 

12. Rasctti, Mario, Modern Methods in Equilibrium Statistical Mechanics, Series 

on Advances in Statistical M-echanics, Vol. 2, World Scientific Publishing 
Co., Singapore 1986. 



ERIC 



m 



Chapter iV 



PROBLEMS OF EDUCATIONAL TECHNOLOGY . 

■ ■ ■ ' '■ ' ' ' 

The previous chapters , have dealt with ; significant points of view 
with r^ard ' to general' ; 'debates on the introduction of new technol*; 
ogies. They have also mviewed certain impontjant experiences which 
shed new light on ways of proceieding and strMegies to be followed' 
with regard to -the use of new technologies in different science i. The 
time has com^ to -see what-' «dueati<inal :teehnology is and how it 
operates. This; chapter Opens with a study which presents the point of 
view of the tealcher. It then provides a description of the resources olifer^ 
by the latest fimiings wi(th .regard to programming languages and arti-' 
fidal intelligence in ' the preparation " of confiputfer-ailded cburses ' ' in 
education. It ewis with a presentatlTon; of the instiliution^l attengements 
made at national levels with ' a view to promoting such courses for 
higher educatioh vocationaJ training. ' . . : , . : : 

tr i'^^S^f'^W^^^^ i?l0n W. ,yerh%en and ,Tj^<i 'Plo^p of . Tw^nte 
UniverMty,'' iri- th* ''NetheWajid!s''fepejis Avith a dariflcaticn of' vanous 
notions and terms. After reviewing tht^e trferidS of ''thought which' 
dominate educational technology (1. the design, the development, and 
the Implementation of teachitng aids and systems ; 2. the process of 
the systematic development of instruction ; 3. |the systemic approach 
to problem solving), the authors plead for a definition of educational 
technoflogy whioh malces clear that i,t is a methodology for solvimg 
edaicational piX3blems. Thus, educational technology should not be 
mistalcen for technology in general which is being used in education 
or for the latesit technologies ; it includes them both. 

The study by Franklin C. Roberts of Control Data Corporation 
stresses the broad perspectives that one acquires (through the us.e of 
authoring languages. Authoring languages, as distinguished from author 
languages, permit their users to cre0,te courseware without learning or 
using a programming language. With the use of a certain strategy or 
educational modeH wlch can be of several types : drill and practice 
lessons, tutorials, games, simulation, testing, problem solving which is 
linked to a given performance type required of the student (remember, 
use, find). Specialists in a number of ficHs can make up an authoring 
system, that is, programs leading to computer-based curricula 
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(courseware). The author provides an example of such educational 
moded for the teaching of concepts. 

The need for intra'-university co-operation for ithe drawling up 
of CAI materiaOs is emphasized in Rod van Asseilt's ai^ticle on the 
Dutch experience in the elaboration of materials foa higher and advanced 
vocational educejtibn. The necessary infrastructure is based on the 
work of CAI developmieait teains directed by a manager. The wide- 
scale production of computer based educational materials leads to a 
new educational process, the organization of which is sfuggesited by the 
author in view of the consortium COO/HBO (OAI for Higheor Vocational 
Education). 

As higher education institutions are iiijterested in the increased 
efficiency of their Computation Centjpes as well as in close and profitable 
coillaboration with similar industrial and so:^ware elaboi>ation centres, 
we have included Prof. Dines Bj0rner*s article in this chapter. It 
presents the i^perience of setting oip and directing a centre for advanced 
computation science and software technology. The article clarifies 
notions on the application of computation sciences and software tech- 
nology with regaM to different specialities and activities, i 

Professors Arno Bitzer and Robert SeU, of the Aachen University 
of Technology — one of the outstanding vocational institutes in the 
Federal Republic of Germany — ha v written an interesting article on the 
-^trategies of information technology use. Every year the university 
rains hunderds of engineers. About lOVo of them go on to talce a 
h. D. in engineering, producing theses that are very closely linked to 
idustrial projects. The organization of seminars and workshops which 
ng together representatives from industry (managers, unionists, 
rkers) and from the university (professors, junior researchers, stu- 
its) gives rise to a fruitful confrontation of the research potential 
fclie university wilth the actual users. 



EDUCATIONAL TECHNOLOGY AND THE NEW TECHNOLOGIES ♦ 

\\ 

Plen W. VEHHAGEN and Tjeerd PLOMP 
University of Twente^ The Netherlands 

Summary^ , 

Like everywhere in our culture, new technologies gradually pene- 
trate the field of education. This may be seen as a problem area, which 
asks for appropriate actions by teachers, curriculum experts, instructio- 
nal desiigners and others. As "technology'' seems to be the main issue, 
one may quesftion whether the introduction of new technologies is to 
be considered as an educational technological (problem. To a certain 
extent, the answer may be yes. In this contribution, the nature of 
educational itechnology is dealt with primarily. On this basis, the new 
technologies are placed in the context of e4ucational problem solving 
■in genejpol. 

Inl the literature, educational technology is defined in several 
ways. After discussing [three imaijor approaches to educationail technology, 
it is put forward that educational technology should preferably bo 
conceived of as the methodology of educational problem solving. 

The program of the Department of Eiducation at the University 
of Twente is described as an example of a curriculijm in which this 
conception of educational technology takes a central position. 

Three Concepts of Educational Technology 

At intervals, publication occur about the nature of educational 
technology, its use for education and ^ts influence on professionals in 
the field of education. Several conceptions have emerged from iits short 

♦ Paper presented at the 5th EARiDjl Congress, April 1997, University oi 
Utrecht. 

* Thi« article in a slightly different .version of an article first publi^ed in 
Aspects of Educational Technology^ Volume XXI «fnd 1% reprinted by AETT's kin4 
permission. Aspects of Educatiaiwl Techuology is iw^Hshed by Kogan Page on 
behalf of the Assodaition- for liduoatlanal and Trainlni^ Technology, BhAT Genftre, 
BMIA Hooiiie, Tavi«rtock Square, London Wl H9 JIP. 
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history, which mainiy may be categorized Bnto three types of educa- 
tional technology : 

1. Educational technology as the design, the development and 
the implementation of teaching aids and teaching systems, using nv^weir 
(often AV-) media. Educational technology is conceived as technologv, 
'^^ ® product (Romiszowskl, 1981) or hardware (Davies, 
igyfl) concept of Educational Technology. 

Ailtjough th^ advocates pf this approach received severe criticism, 
when they did not silcced to prove that new media ' Would solve all 
educajtional problems (see for instance Unwins 1985 statement about 
unwar,rented optimism) educatiortail technology in this sense is still 
alive and well. Today's product — oriented educalrional technologists help 
education >to respond to the new technologies to realize wider and more 
llcxible educational and training opportunities, both at classroom level 
and for mass instructilon. • 

^ The present trend is ,to put the learner in a central position, giving 
-•im control pyer his learning environment.- Artificial intelligence for 
astanx^j couUd not possibdy provide such enviromnent without the 
creativity of hardware oritented edwoatioiaal technologists.- 

• 2. SkJUoaitional technology as the process of or the technique foi* 
the systematic development of instruction. This eclucationaa technology 
is characterized by a stepwise' procedure : define objectives, decllde on 
methods, devdop maiterials, test, evaluate and impleament. Prtjgramimed 
anstruction is an early example of this approach. In gener^ll, the design 
and bringing into operation of educational softWartj of ' any kind to 
support learning is the central issiue. Effectiveness and efficiency are 
important erite(riA.';The starting point to apply this approach ih a given 
si,tuation, is the identified need or desire for some piece of instruction 
Ihis apprpach of ^ucational technology is oall^ l^be process (Rqmiszow- 
slci) or software (Davies) .concept. It its commpn practice for many 
instructional designers, althoiligh 6f ten labeled difeehtly. ,' 

.3. The third concept is the problem solving cqncept of educational 
technology (see for" instance ABCT, 1977 ; Davies, 1978 ; Romiszowski, 
1981). It goes beyond the other two, taking into account the problem 
to solve and its context. It is a holistic approach, often also called 
the systems approach of edyc^t|pnai| tjeghi^plpgy., . > , .. 

Bducaitional technologists in this case develop a sensitivity for the 
needs of people and tasks in. the problem situation. Hereby, a problem 
IS defined as every situation whei 3 the actual situation differs from the 
desired one. Problems can be classified w^ih respect to educational level 
(at ^ the macro-level the problems concerning the educational nefeds of a 
society, at the m^eso-level the problems of instituions, and at the 
micro-level the problems of teaching and learning) and e<iucationaa 
srubdomain (coirricuJmn, instruction, counseling, adrainiisitration, evalua>- 
tk>n) ; and be treated accordingly. The first two approaches of educa- 
iJonal technology are incitfrporated in the third one, as they can act as 
valuable means to solve spfne- educational problems. The . systems 
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approach leads to a systematic description of the variables rconstr«1nt« 
thus defining the problem space in which a prototype solution h 4 +n 
S.lt"SisSSh^';if^'^ "^^^^^^^ 

(^LIZ fli ^^^T^^^^}^^- This process m?y be symbolized by Figure 1 
nXn^^r^' '^^^ ^.^^^^ tatplementation is a kev^actdr 

onllv n^r^ccfK^ 1 i-'iHian (ipffSJTror soane prdbleifis, iprotdtviDinc is 

M,L?^?S^^oHSfSir- .S*'^. guided 'imjl—fl™ 

♦iJ^t * Propiem solving process. Examples are large — scal<» innov. 

Educational Technology, not a Comprehensive Discipline 

f^, V^?- P''^^««»',^e would like to discuss is -that of the. theoretical 
foundataon of educational technology.^ 'Th^ attempts to prS a 
SivZft^%^''' for educational technology i^ one of^he cauS of the 
divers ty of; conceptions, as they are apparent from the liteJSture A 
central question is whether educational t'echnology is to be 
&v ^"^ong other edu^^tion^^l-iences. h^ p y^^^^^^ 

S^n«?i ^ '"^^"^^ instructional designers, courseware 

developers, curriculum Experts, or other ?' . ' uit>ewctre 

TechSnav TrwT ^'^^j'*^''" Educational Communication, and 
Technology tried to provide an answer by developing a definitioi. "a 

^hiv ff^^"^ l^""}^^ conception, which defines Xat ^na 
^hnology as a theory, a field and a profession (AECT, 1977) In thh 
definition, educational technology is considert^d^ ,to b^ "a comr ex 
nSn r°P^^' procedures, ideas, devices and^rga: 

l"arn nS'- U ^"'^^^f^'S P^-^^len^s. involved in all aspects of hummi 
ledrning . It presents a view on the field of education in which Dro 
b ems may be solved by proper management of devdopmenrfunctfons 
IHce research, design, production, logistic and utilizatS^ uS X 
theory/research function to create a knowledge base. TliS appJ^ch h 
indeed holistic, and seems to ,try to incorporate all rPle^^^,K^ntific 
JZ^'f^' ^nto oducational technology. The attempt to adopt Sle^^^^^^^ 

concluding statements whlti^ were 
presented m the AECT text on the definition by Kenneth Siiber, Quoting 

,^u"^^^''^^ constructed, the concept of instructional or oducation-.i 
technology :,s ,totaJly integrati/ve. It pmvides a common gmimdX a^^^ 
professionals no matter in what ospect of the field theyC wo Ic ng 
It permits the rational development and integration of new devils 
materiaJs, and methods as ^hey come along. The concept is so com- 
Pleteily viable that it will not only provid. new status for our group, 
but will, for the firs,t time, threaten the status of others. (Finn, 1985 
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FiR. 1 : General model of educational problem solving 

p. 193). The educational future will belong to those who can gnasp the 
significance of [feducationail and] instructional (technology . (Finn, 
1964, p. 26)". ' 

Now, ten years later it may be clear that these expectations wero 
put too high. The merits of the AECT definition lie in the stressing 
of the need for management of the problem solving process ; the 
recognition of the need for certification and training of aides, techni- 
cians and specialists within a coherent set of career options ; and the 
striving for curricula which are substantiaUy congruent from institution 
to. institution. The integration of all theoretical fields into one educa- 
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tional tfehnology did not occur, however. We contend that this is not 
even desirable. ■ The educsjtional reality is much more complex in its 
rnanifestatipn , than can possibly be graspej. in one unifying approach 
as a comprehensive xUscipiine or theory .; Different, aiientific fields show 
different repres^ntqitijions of education. Theories about learning, sociol- 
ogy, pedagogy, philosopJiY. economy, management, all show their own 
perspectives. ' The s^me counts for <ierived design theories. As an 
example, in Reigeluth's overview of instruptional design theories and 
models, the wond educational technology is not mentioned once. The 
book' sh'ofW's 'nevertheless a range of applicabde systematic approaches 
to desiigii problems, "-representing different though o^ten i^lated theo- 
retical schools with all their similarities and — ^sometimes — contro- 
versies (Reigelulh, 1983). Reigeltrth does not treat the subject exhaustive- 
ly. Other instructional*' design theories or. models exist or are being 
developed (se^f e.g. Oustafson, 1^81). All together, one sees a manyfold 
of pbssiibilities f<ir apptpaching educational problems in whajt onlly is 
one fiubdomain 6f education, namely instruction. How to iposition edu- 
cational technology with respecit to the different subdomains? 

- Educational Technology as Methodology i 

One solution is to speak of technologies in all cases where theory 
is put into practice by a syst^atie working method. Several authors us^ 
educational technology in this way. For in'itance : HaoWbanth (1&86) 
speaks of instructional systems design as of a technology. Jonassen 
<1985) describes ccmc^ptional roots for instructional design and from 
thereof /derives $> new educational technology on the basis of learning 
strateifies.:' 7 - 

: A consequence of the diversity oi views is that the theoretical con- 
text of educational technology (or technolgies) is rather unstable. One 
educational technology leans on cognitive sciience (Jonassefln, 1905), another 
is based on a oonstructivist view (Fosnot, 19414), a third approach advo- 
cates a philosophic analysis of the role of mediation in learning to be 
inoorporated in educational technology (Jonassen,, il 984). 'Iliese educa- 
tional technologies tend to change over liime, together with the develop- 
ments, in the respective scientific fields (Remember, for instance, th^ shift 
from behaviorism to cognitive psychology as th^ dominant knowledge 
base for instructional design, activities). / . 

The problem is that each specific educational technology confounds 
in this way the methodology which is implied in "technology" with the 
theoretical content of some knov;ledgc domain. Heinich (1984) tried to 
prevent this. He presented a conception of the proper study of instruc- 
tional technology in which the process of design is elaborated in terms 
of activities, desired frmis of cooperation of technologists and the needs 
for resoarch to support technological methods. His stand is much in 
conformity with the AECT definition, but without falling into the trap 
of wanting a theory to describe the object of the technological activities. 
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in his case iptstrwotion, as a part of the Ujchnology. This caused a reac- 
.tipn from, Clark (1964),; who suspected as an< effect of his approach , 

"that . Instructional t«:hnology is itself tui-ning into a craft — The 
• craft' of instfuetiohal • design and deVeloprtlerit. While this new craft 
■ employs techniques <i.e. instructional deisign rtiodels) that are more 
systematii!: and' oygariized than those typically used by teachers, in 
ffect much' of this "design effort coiild bfe charactetized as'Whding 
a'^technolfifgizihg*' sheert to a new craft*'. ' r ' ' . 

Hlynka and Nelson (1^5) are less .pessimistic. I^ibe Heir^cli (1984), 
tliey cohtjenji tliat ^design'* is tlie key concept of ^ducatipnal t^hnplogy, 
iJesi^n includes art (i.e. creativity),, craft, science apd teclinology,; all 
present atjhp ;^9nfie time in V synerg^ifitic\ cbmjD^ ITiey in: fact 

get' round the. cr^jft/edehce dichotomy awd . come . plos^^ to our opinion 
^ut the riatuivj of educatioiial twhmxlogy^ We wish .to see edycatior^^ 
technology as ; a probl^p solying methodojogy in which^a syst^^ 
approach, together witl^ eclectic iise qf sdenlific \^d pther, know 
lekds 'to the design and dev?lopment of soluti^ons. This conception " means 
that educational technology is independant of educational or int&truc- 
tional theories to a large extent. With this conception, we may distin- 
guish the problem Mlvingv|xrodes«>* such fixi^ 
problem solving process then is symbolized in the generaUzjed model 
wh^h is, presented in Figure 1. Aspects of an edupational technology 
approach can be divided into three categories, as described by Ely & 

' ♦^a) EdiuJ^ttioflal tfech^ ' ^ 

Using coai^epts and apipt-oadies of systems theory and operations! 

- research in the analysis phase, the problem can be handled by defin- 
ing 'the problem space as a system with boundaries, within^ which 

V related subsystems can be defined. Complex problems can be 
unraveled to reveal well-ordered partial problems with enoungh 
known pi'operties to make an acceptable solutiprl pdsslble. 

. b) Educational technbiogy methods and techniques. 

Many techniques, itiost of which are not specific to educational 
' technology, can be used in the analysis, design and development and 
evaluation phaises. The specificity of these techniques lies in their 
prder Within the' technological cycle. Thi^ cycle can be considered as 
the methbdological basis for' the design profcess. A typical charac- 
teristic of educational technology" is that techniques fo'r design 
* decisions are considered to be a vital part of the process. 

c) Educational technology project organization. 
, ^A technplpgioal approach makes special demands on the organiza- 
tion of projects. This is partly due tp th'^ fact that the problem 
analysis will result in an overview of knowledge and skills needed 
for finding a solution. Many problems need expertise from a variety 
of disciplines. 'Management of expertise' is the key phrase : the 
classification of a problem with the right expertise at the right time. 
Continuing attention to the implementation of the solution, makes 
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..K <il#mands on the project prganization. Planning has to be considered 
as one characteristic of a technological approach. The. project^ orga- 
niza^fion i«. directed at, achieving an optimal solution within the 
existing constraints s]ach 9s budget, perspnjtiel and time'\ 

. On this general level the eclectic nature of educational technology is 
reflected in the way resources arid man power are allocated in a specific 
project, They are chosen from a wide range of possibilities, indeed iriclud- 
ing^ihe craft '6f, for ihstance, media personnel and -the scientific knowl- 
edge ioirVfof instance, curriculum experts. ' , 

In ai particular pMblerii ' situation, in mofst eases i particular design 
methods will be U5ed.;On,^;|iis level, the same principles apply. 

Romisrowski s (1981) designmg of instructional systems is an 
example of this for the instruction domain. Again, his approach is 
eclectic, offering design options as a result of divergent thinkings heading 
in specific cases to the selection of, for instance, methods. ajid ijO^edia by 
converging reasoning, ' V 'V/ 

In conclusldiT,^ur coriceptrori of educational technology d^ines edu- 
cational technology as the methodology of educational problem solving. 
In this methodology, the systems appfoadi is central. The methodol- 
ogy is relatively independent of the different educational subdomains. 
Design models :in the subdomains usually show great similarity with the 
general model from Figure 1. In our view, we prefer in these cases not 
to speak of different Jochnologies, but ratlier of different forms of inte- 
^gratirig fMnoblem solving metltodology into the design methods of edu- 
cational subdomains. ^-^'^ 

' Jpi^^^ple r JEfiJucaUqnal Tcjchnology in a University Curriculum 

The thoughts on educational technology which were unfolded above, 
fere the basis for the ctirriculutn of th^t^ of Education at the 

University of Twertte.-Tlie' Dutch name 6f th6 department Is ^'Toegepa^te 
bnderwijskiottde'^i (TO^cw means uiterally : Applied Educatioi^al 
ficience. ,^ . i, iCo ; V / 

I The curriculurn of aQ # a^four year pHpt secondary program. Accord- 
ing to the Dutch educational system, the entrants into the program 
are graduates of a highly selective preuniversity school. The students in 
the program attain a degree wluch is equivalent to .a Master's degree. 
It is the only program in The Netherlands in which educational technol- 
ogy takes a central position. The organizing principle for the curriculum 
is shown in Figure 2. 1 

The subdomains listed in box 3 are reflected in the organization 
of the department. The department is composed of the following divisions: 

— Curriculum, dealing with problems in curriculum (course, train- 
ing) design, evaluation and implementation. 

— Instruction, dealing with problems in the design and imple- 
mentation of training situations and instructional methods. 

— Educational instrumentation, dealing with the use of media, 
including computers, in education and with the physical teaching/learning 
environment. ^ 
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. — »Bdiiicational administration, dealing with policy, planning and 
managenwit problems in education. • 

Besides these four divisions covering educatiodial subdomahis, there 
is a division 'of ^educational measurement and data analysis, offering 
courses 6n ^ rese^t^ch methods ' and st^»/astics' and dealing with testing 
problems.. 

The^-c is , no separate divisioiu of educatiojial technology. Instead, 
there exists an in terdi vision tecjinology group which is responsible for 
the courses on educational technology. In this way, educational technol- 
ogy is supported by all divisions in the department. \ 

i ^' ■ - 

Edud^tiohal technology : 

methodology for educational - — ^ ■ ' — , 

. problem solving 
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Educational problems ; * U- 



Speciflc d&slgn theories, 
'models and methods with 
respect to : 

- curriculum i 

- instruction 

- use of media and 
computers 

' educational 
administration 
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sciences 





Fif(. 2 : Organizing principle of TO Curriculum 
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In the first 2i/* years, the curriculum is oommion for all students. 
Figure 3 shows the^omains on which courses, are being offered in this 
period, and the relaSve amount of time spent on each. 

The common curriculum is followed byi a final phase — the last U/z 
years <— in which there ai*e broad options available from which students 
may draw up thei^ own curriculum. Although the nominal time for 
the programme is 4 years, the students may spend 6 years on it as a 
maximum. The program started in 1981. The total enrollment at present 
is 300. At this moment spring 1987 — 33 students are graduated. 
Now, some six yea*^ aft^ the start of the programme, we may evaluate 
the first resuMs of our approaiC^i. 

Although only 17o/o of the\common curriculum is devoted to courses 
on educational technology, these courses seem to-be decisive on thu 
development of the professional attitude of our graduates. This may 
partly be due to the central position of , eiduxyiational technology in the 
curriculum, as symbolized in Figure 2. 

Students appear to continue the systematic approach to analyse 
problems and to deVelop solutions, 'after the common curriculum. This 
is obvious from reports on their work during their final project and 
from observations of sujE^rvisors inside and outside TO. 

This attitude appears to be highly appreciated in the educational 
field, especially in business and industry. 6O0/0 of the final projects 
' takes place with comppnies. Graduates appear to be successful when 
applying for jobs land again 6O0/0 of the jobs taken are being found in 
business and industry. 

When to Apply Educational Technology 

The experiences with the TO-programme lead us to the next char-ac- 
terization of the dpplicability of the educational technological appixjach. 

Educational technology stresses the multidisciplinarity of the prob- 
lem solving and design processes. This makes the educational technol- 
ogical approach especially suited for situations in which : 

— the problems to be solved are complex in nature (where many 
interrelated factors are involved), 

.— a problem is placed on a higher level than that of the individual 
teacher (where many interests are to be comtoined), 

— several people haVe to cooperate in order to develop a solution 
for the given problem. 

The educational techn'ological approach does not start a priori from 
the point of view of the teacher. In the approach, no priority exists for 
treatment format or delivery system. This by necessity includes relativ- 
ation of the role of the teacher. This is not to say, that through edu- 
cational technology the role of the teacher becomes less important. In 
many oases, the teacher remains in a central position. Further, it is not 
to be denied, that in oome educational situations close to the learners, 
when an empathic approach of a problem is imperative, the objt-ctiv- 
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ating nature of «ducMional technology Will most probably not be 
appropriate. ^ 

If we look now at iiew technologies, agairi 'one may say that there 
are no a prion decisions in favour of these' technologies either. The new 
technologies offer new options to create teaching and leai-nihg environ- 
ments. One may approach the new technologies 'with a positive attitude. 
Out- thor6 IS no reason to idoliie. Careful analysis and design effdrts as 
an educational technological enterprise in the above described sense, may 
pave the way for beneficial innovations. The emphasis on imtolmen- 
tation m our conception of educftitiohal technology .«?hould' therdby safe- 
guard an optimal balance between advantage and disadvantages 

In conclusion educational technology, being conceived as the method- 
ology of educational problem solving, offers many perspectives for 
research and development efforts: Like in Veseaxch methodotogy, many 
methods and techniques are needed to be able to act appropriately in 
complex situations. They should be derived in sound research and 
development projecte. New technologies take their place in this process. 
For educational pmblem solving, they are optional conrponertts to accom- 
plish a solution, among many others. Proper use of educational technol- 
ogy puts the new technologies in the right perspective, with problem 
context and care for implementation as key factors for design decisions. 
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A KNOWLEDGE-BASE FOR INSTRUCTIONAL DESIGN 

Franklih C. ROBERTS 

Control Data Corporation Minneapolis» USA 

1. Instructional Design and Authoring Systems 

Designing effective instructional materials is a time consuming task 
that requires a deep understanding of several technologies, as well as 
the related subject matter content. However, there are a number of 
instructional design Strategies that ai^e performed frequently and in a 
similar fashion across many instructional design ?»pplications. These 
strategies are used in the . teaching ci such things as the learning of a 
lai^e number of facts ; being able to visually discriminate classes of 
objects ; learni-ng a sequence of steps ; and so on. By building tools 
which reflect the similarity in theae tasks, a great deal of rediunflancy 
dan be eliminated in developing the related instructional materials, 
making them both more effective and easier to design. 

The tools that are currently available for instructional develK>pment 
include general programming languagies,! specialized tools (such as 
gtratphlc design tools or animatdon routines), authoring languages, and 
more recently, authoring systems. Mdut of these tools w/jre built to 
satisfy a specific need of the people involved in the instructional devel- 
opment process. These tools have largely ignored the basic thedcs of 
learning and instruction upon which they might have been designed. 
While there are some exceptions, the authoring tools which are avail- 
able today do little .to aid the instructional designer in ensuring that 
state-of-the-art principles of instructional design are adhered to in the 
programmes they develop. • i 

What is needed are tools that reflect the practical needs of instruc- 
tional development, while ensuring that what is known mhovtt the 
underlying theories of learning, measurement, and human factors is 
transferred to the final products through the use of those tools. Unfortu- 
nately, the reali'ty of the situation is that the existing tools only partly 
reflect the practical needs of the user, and bai'ely address the under- 
lying theories at all. 

Authoring systems are the link between the science and the practice 
of instruction. While the definition of authormg systems varies widely. 
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mocst provide some conbination of instructional models and specialized 
tools, often with access to some lower level language. Instructional 
models are what differentiate authoring sysitems from authoring Tan- 
gu'ages. They pi'ovide a mechanism for incorporating knowledge about 
instruction and offer characteristic ways in which the instructional 
materials can be developed. One of the criticism of authoring systems 
is that the instructional models which they provide are too restrictive ; 
that what you gain in simplicity you loose in flexibility. What is neefded 
are models that reflect *gdod principled of imtruction, while retaining 
a degi^ of flexibiJiity. 

This paper describes a research progranjme that is attempting to 
define a structure upon which a flexlible set of instructional models could 
be designed. These models are d<?sigried ^b reflect the -st^ite-of ^he-^ah in 
instructional design. In order to address the concern of flexibility, each 
model is a collection of^STnaller procedures. for su(;h ^'^'^^is as. question 
design, feedback, item ' selection, and so on. Each of these smaller, 
micro-strategies includes a set of rules for either perforniiing w action, 
or generating a new^ jJdece'of knowled'^e that is required' by some rule. 
The ^ipproach used in designihig these mqdels will be described, and ;th^n 
an example of this approach in coi^^ learning will be offered. 

2* Instructional Models ! A >Generdll Solution ! > ' 



The most advanced authoring systems are providing .an environment 
which supports a knowledge-abased approach to courseware developmeAt. 
Most: of these systems have separated the- various componeftts of instruc- 
tion. The approach used in this research has been to sepai^aite the knowl- 
edge-base <KB) into three componen'ts, representing the. instructional 
strategies, the content to be taught, iand information- about the student. 
The goal is to develop models of instruction which reflect both practice 
and theory ,r*UQd which cftn be defined in terms of these thanee KB com- 
poner^fe. . / . ; • : : /i . ^ • . • . 

Tbei gipptcpach, used -dn 4^ models has been ^ to start 

with ^the goal bfMdec6gniri^gr:pe!dagogl^c^ satbnd - models vi Instructional 
d$$ign. The^:.lTU)dds shK^ of models -currently 

used ha the;idesitfn;odt\Mstrifctriional.m basic rrtodels (often 

referi*!^ to, as iStruc);ional stnategies) indude tutorialsi driH and practice 
lessons, simulations, games, and testing. * > / n) ^ - . 

This ;issue>of global strategic© U»s ai^ly»ed,^j^^ classi- 
fication sqhemes. Manion (1985) suggested the six categories of drill & 
practice, tutJorial, educational game, simulation, problem solving^ and 
word, processing. Mejrrill .(19&2) suggested seven categories that include 
vaoripus hybrids ojf computer assisted in5>tructi( n (GAI), simulations (SIiM),: 
and.,aftificial.inteUigence (AI).^ 

The strategy categories used in thi«; research include; drill and 
practice, tutorial, physical simulatitins, ^situational simulatiaAs, pr6ce- 
durM' sim-Aiatlons, intrinsic! ^^ames, extrinsic games, and te&ting. Simu- 
lfttiohs//are defined as exploratory eiivuronm^ts> with .physical sdmu-^* 
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'■»• lations representing manipulative devices, situational simulations repre- 
senting role playing types of activitdea, and procedural simulations 
representing tlie perlformance of a sequence of steps. In-trinsic games 
^r^ g^nkfi which are dii'ectly related to the content being taught, and 
extrinsic ga.mes are game fonnats that can be used with any cateflorv 
of content (Malone, 1980). 

While it is recognized that other models could have been chosen, 
these categories were selected as representing a core set of such models! 
The procedure being employed in this approach would easily lend itself 
to later development of additional model categories, or alfternative 
methods of defining instructional model categories. In addition to the 
global insti-uctional strategy categories, the models in this research have 
also been organized according to the type of content which is to be 
taught. 

Typologies of content have been addressed numerous times in the 
educational literature, perhaps most notably in Bloom's Taxonomy (1956) 
and Gagnes Categories of Learning Outcomes (1979). In addition to the 
categories proposed by Bloom and Gagne, several other categorizations 
were also reviewed. These include the types of content as defined by 
^^A?!^^"^'^^ Procedures for Instructional Systems Development 
gpADOC, 1975), and the content classifications from Component Display 
Theory (Merrill, 1983). By cross referencing the global strategies which 
h-ave been identified with a typology of content, the strategies which are 
used m each of the global models start to become more focused and 
distinct. The typology which is used is considerably less important than 
the act of cross referencing the inherent strategies with a content typol- 
ogy, creating a content x strategy .matrix. 

Our work has used a typology which is similar to Merrill's Compo- 
nent Display Theory, using four categories of content : facts, concepts, 
rules, and procedures. Facts are isolated pieces of information. Concepts 
are sets of facts that share some common attributes. Rules are condi- 
tional statements that prescribe some action, and procedures are a 
sequence of steps that produce some specific outcome. 

Not all global strategies are appropriate for all content categories. 
For instance, a situational simulation of facts is not a reasonable instriic- 
tional application. Thus, the models addressed in this research inclade 
27 basic content x model categories. 

These models also need to reflect the nature of the expected stu- 
dent bt'h iv'ior. This dimension is addressed in Component Display Theory 
(CDT) and is referred to as the; student's le\-el of perfonnanco. CDT 
proposes three levels of performance : Remember, Use and Find. Each 
of these three levels interacts with each content x global model category, 
generating a matrix of smaller' models. These categories will be referred 
to as macro-instructional models (see Figure 1). 

Each of these macro instructional model categories is comprised 
of a set of smaller, micro instructional strategies that in turn act on thf' 
different knowledge basc^. These micro instructional strategies include 
such topics as feedback strategies, prompt structures, use of i. /ance 
organizers, structuring pretests, and so on. A detailed description of 
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Fig. 1 : Categories of Instructional Models 

micro-instructional strategies was proposed by Park (1983) that were 
organized ai-ound display variables and process parameters. These micro- 
Instructional strategies are, the bulding blocks used in designing instruc- 
tional materials. The macro strategies and the larger, global models are 
really the integration and implementation of these micro instructional 
strategies. 
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• Our research has focused on the specification of these micro instruc- 
tional strategies. CXir preliminary reseawrh has shown that each of the 
macro instructional models is addressed by a finite set of these micro 
instpuctional strategies. Each of these nido»o strategies can be viewed 
as a set of decisions that need to be made during the development or 
delivery phase of instruction, and these decifidons can be specified in 
a rule base. Thus, one of the goals of this research is to define the 
categories of rules that bound the instructional strategies appropriate to 
each hia(*ro instructional model. 

}n addition to thie modular advantage that , an 1KB offers, it also 
provides; a structure for the solicitation of content from subject matter 
exper-ts. One of the perennial problems in instructional design is tho 
efficient, collection of content from subject matter experts (SME). By 
using th model leased approach to instructional development outlined 
here, each, insructional model defines a necessary,, corresponding 1KB. 
This 1KB has explicit requirements, and could be used as a guideline 
for eliciting the neces^^y inrfomiation from the SME. If the 1KB struc- 
tures were incorporated in an authoring system, ' the SME could bo 
prompted in filling in the related 1KB. 

The goal ill developing the macro instructional models is to specify 
a comprehensive set of modular, flexible micro instructional strategies. 
The gviiding philosophy has been to defme these micro strategies so 
that they incorporate the approaches which are used in practice, as well 
as the strategies which have been supported by research. Thus, tho 
final micro strategy models could be used to rephcate virtually any 
approach to the delivery of the related instruction. . 

One of the' advantages of having such an array of alternatives is 
the ability to change strategies with a given 1KB. When averaging across 
individuals or groups, mtitiy Ih^Structional strategies show no significant 
difference. Yet, there are clearly differences when the strategy is used 
with a single individual, or sometimes with a group of individuals, even 
plough we may not, know why. Allowing all possible strategies to exist 
in the micro models facilitates the modification of sti'ategies which are 
piovlng to be ineffective. Further, if a macro model had a set of rules 
for testing the effectiveness of a pai-ticular approach, it could adapt its 
own teaching strategies until it found the optimal strategy for any given 
student, group, or particular IRB. The .self-adaptive feature of this 
approach lends itself to highly adiiptive courseware. 

3. A Specific Example : Concept I^rning Models 

This section desci-i'bcs the results accomplished to date in the design 
of instructional models for concept teaching. A brief overview of concept 
learning and related research is provided in the next section. The con- 
cept learning) model used for thiw project is then described, including a 
description of the twelve rule-set categories which have been defined. 
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The wcd&l: proposed In this report relates to Drill & Practice and Tutorial 
strategies, at* the Remember ajid Use perfoiitjiaiKie levels of the Concept 
gon^nt /Category. The long — range goal of this research i§ to develop 
instructional models in each of' the <jategories proposed by .the j^lassifi- 
cation scheme; described .abovi?,. . i 

3.1« Ajfk^ Overview of Concept Learning \ » 

^ Research and development in the fi^ld of instructional design has 
alwaj^ ass-umed a strong relation to the structure of the knowledge 
being taught. ' This relatioh has been overtly recognized in work in the 
crganSzatioil of content elements (i.e., Tyler, 1949 ; Bruner, 1960), a* 
Well &s in Various attempts to develop taxonomies of instructifttjal 
outcomes (Blo^m, 1956 ; Gagne and Briggs, 1979). One additional out- 
come of this relation has been a set of empirically b&sed instructional 
strategies designed to effectively organize the content elements in the 
teaching of concepts (see Markle and Tiemann, 1969 ; Merill and Tenny - 
son, 1977 ; Tennyson and Park, 1980). A concept is defined as ^a set 
of specific objects; symbols or events v/hich share common characteris- 
tics (critical attributes) and can be referenced by a puxticular name or 
symbol" (Park A Tennyson, 1980, p. 56), Concepts include such things 
as birds, furniture, geometric figures, and so on. These strategies, as 
outlined by Tennyson and Park, include : "(a) the relationship between 
examples, (b) the relationship between examples and nonexamples, (c) 
the ordering of ex:amples and instructional help, (d) developing a proc5)i- 
dure for selecting an appropriate number of examples, and (e) the rela- 
tionship between coordinate concepts'* (1980, pp. 55— S6). 

3.1J« Two Approaches to the Teaching of Coacepts 

The criterion task in learning concepts is being able to classify 
newly encountered instances as being either examples or nonexamples 
of the concept. Research suggeists two basic strategies which have been 
effective in accomplishing this goal : (1) the example comparison strat- 
egy and (2) the attribute isolation strategy. Each of these strategfos 
involves the pn^sentation of the ooncept definition, use of the list of 
critical attributes which define the concept, and the presentation (and 
explanation) of pairs of examples and noneXamples the concept. A 
critical aspect of these strategies involves the relationshij^s both among 
and between examples and nonexamples. 

Any object v/hich is an exanple of a concept must, by definition, 
have all of the critical attributes which are required by the concept 
A nonexample will be mif,sing one or more of the critical attribute?i. 
However, it is often the. case that classifying some examples (and 
nonexamples) is considerably harder than classifying some others. There, 
are three, notions in concept learning strategies which address the issues. 
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amon!^ and between' csxamples. and noneXampWs ! matchM pairs, rational 
sets, and divergent examples. 

A matched pdtr IS an example and nonexamiile pair that are very 
similar ' (ideally identical) ^vith^ the ex'dtptroin of the missing atti-ibute' 
•in this noheiSampie. A collection of matched pairs that have one matched 
pair for critical attribute' is tef erred, to as a rational set (Markle; 
and Hem^ttni 1969)". A rational set is used in concept teaching' strategies 
to ensui-e that the student has had exposure and/or practice on each of 
the critical attributes which define the concept. - 

^.The third notion, divergent examples, has to do with the difficulty 
of the classification tasks that a student must perform. It is clear that 
some examples (and nonexamples) are more difficult to classify than 
others. Foi instance, it is probably easier to classify a robin as a bird 
than it is to classify a penguin as a bii-d. All of the matched pairs in a 
rational set have a similar degree of difficulty, and the rational sets 
can be ordered in terms of their overall difficulty level. A generally 
recommended procedure for teaching concepts is to start with a ratio- 
nal set at an easy difficulty level. When a student becomes proficient at 
this level, a rational set at the next level of difficulty can be used, and 
so on. In this sense the examples are said to be progressively divergent. 

So, with these notions in mind, two general procedures for teaching 
concepts can be described. The first procedure is the Attribute Isolation 
Strategy (AIS). The key focus in the AIS methods is to reference both 
instruction and feedback to the list of attributes which define the 
concept. The first step in this method is to define the concept and pro- 
vide a list of the critical attributes of the concept. Then, a matched pair 
is displayed. The example (and the nonexample) are discussed in tei-ms 
of the presence (or absence) of each of the critical attributes. Additional 
matched pmrs may also be explained. The student is then given a 
rational set of matched pairs to classify. Informative (and/or corrective) 
feedibaok is provideo for each classification which explains the answ'er 
in terms of either the presence or absence of the critical attributes. The 
student is given additional rational sets of practice items until he or she, 
demonstrates proficiency at the desired level of difficulty. The lesson 
ends with' a restatement of the concept definition' and a summary of 
the concept's attributes. 

The Example Comparison Strategy (ECS) is sinnilnr to the AIS 
method, except that the key focus is to reference the in<itrurtion and the 
feedback to the most typical rexample of the conceptj instead of the list 
of critical attributes. As in the AIS method, a definition is provided and 
the student performs some practice activities. All explanations and 
feedback are offered in terms of comparison to the ]>rototype example. 
That is, a comparison is made l?etween the example (or nonexample) 
and. the prototype, highlighting the similarities (or differences). 

Several additional micro-instructional strategies are also employed 
in these basic methods of concept ttvaching. For instance, pretests, can 
be used to determine readiness or prior mastery. Feedback; as well as 
the selection of practice items can be effected by the student's resjDonse 
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histojcy. Oth^r strategies heve ,to do with the type of error ihat the 
student is making. 

„ In popoept . learning, ^ch question is either an example or a 
n<?ne3C^ple. The sipdent can' respond edther correctly or inporrectly. 
In the case of imjoarect resiporses, the studen.t has either classified an 
example as a jionejiample (wliich is an undergeneralization), or a non- 
example as ^ example (wiuch is an overgeneralization). One strategy 
relating to response history .includes the method of replacing the 
incorrect responses in the rational set item pool, and not continuing to 
the next rational set until each item has been answered correctly. More 
elaborate strategies axe possible, and may require evidence of whether 
or not a student is exhibiting a trend of either over — or undergehe- 
realizing. ( 

Thus, these are some of the general methods and issues which have 
been proposed for the teaching of concepts. This description is neces- 
sarily brief, and has omitted many of the more subtle issues which have 
been, addressed in the research on concept teaching. In addition, what 
has been described has only addressed the teaching of a single concept. 
One of the more interesting aspects of concept learning has to do with 
the fact that concepts are generally part of a hienarc'-'ical network of 
concepts. In these hierarchies, concepts inherit all of the attributes of 
the parent concept. In addition, examples of coordinate concepts provide 
ideal nonexamples which facilitate di Jcrimination. The next phase of 
this reasearch will be to extend the model to include hierarchies of 
concepts. However, the current paper describes work primarily at the 
teaching of a single concept. 

3.2. Description of the Model 

The Generic Concept Teaching Model (GGTM) has been designed 
to reflect the various recommended strategies which have been proposed 
for concept; teaching. There are lom basic steps in the model : (1) pre- 
instructional strategies, (2) pitjsentation of main body of information, 
(3) practice, and, (4) post-instructional strategies. This description of 
concept learning offers a simplified view of what the actual design em- 
bodies. However, it does. offei' a general orientation to the underlvinff 
structure of the GOTM. 

3.3. A Description of the Bule-Set Categories 

Pretests. The pretest strategies determine the selection of items, the 
order of items, and test termination criteria for a prelest. There are 
three basic purposes for which pretest can be used. (1) Readiness : as- 
sessing whether or not a student has the prerequisite skills and knowl- 
edge necessary to learn the current material. (2) Assessment : determin- 
ing a student's o\-erall leve-l of understanding of the topic to be taught. 
(3) Sensitivity : a pretest can be used as an advanced organizer, st nsd- 
tizing a student to the types of questions and relat(2d content she or he 
will encounter. A pretest may be- used for more than one reason, resulting 
in six different pretest reason conditions. 
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Each of th^6 pretest' goals affecjts three test delivery parameters. 
<1) Topic chod^; scxme tedts will cover st vei^al related topics. Which 
topics are chosen, and the order in which they Are presented will be 
affected by the purpose of the pretest. (2' Test items : within each topic 
' • to be tested, itetftis moist be selected from the corresponding item pool. 
Items can chosen on any of several parameters, such as item difficulty 
level. <3) Test termination : the number of items in a test can be fixed 
or variable. Tests of varying length can be terminated based on a 
variety "of criteria. These criteria include : terminate as early as pos- 
sible, terminate based on a preset reliability level, and so on. 

. Matched Pairs. The matched pair rules take a given example and 
search the list of available items for the nonexample which most closely, 
fits the matched pair definition as defined aibove. This requiresl that all 
items be structured in a way which clearly delineates the presence or 
absenqp of each critical attribute. 

RatioruU Sets. The rational set rules generate a rational set of mat- 
ched pairs of a given level of divergence. This is accomplished by creat- 
ing lists of matched pairs, with one matched pair for each critical at- 
tribute. In addition, all available matched pairs are reviewed to find 
those pairs with the most similar level of divergence. 

Trend State. The trend state is a continuous assessment which is 
made of the students* performance. There are four possible trend states 
for the single concept model : (1) competence, where the student ap- 
pears to understand the classification task ; (2) undergeneralization, 
where the student is tending to laibel examples as nonexparnles ; (3) 
ovea^generalization, where the student is tending to label nonexamples 
as examples ! and (4) confusion, where the student is making both 
under-and overgeneraiization errors. Each of these four trend states is 
updated' after each student response. Each state is given a probability 
level from 0 (not evident) to 1.0 (certain). Trend state influences both 
the selection of suibseqoient questions, as well as the feedback which is 
provided. The goar is to reduce the probability of the confusion and 
over-and underigeneralization trends, and to maximdze the value of the 
competence trend. 

Prompting, 'the prompting rules determine what prompts are pro- 
^'iJed in addition to the practice items. Prompts might include the de- 
finition of the concept, the list of critical attributes, the prototype 
example, or previioualy answered questions, The choice of prompts is 
largely determined by overall strategy decisions. 

Feedback. The feedback rules determine the feedback givenf to a 
student after answering a specific question. Determining the feedback 
to provide includes such issues as what type of question it was (example 
or nonexample), whether the student's answer was correct or incorrect, 
the overall insitructional strategy being employed, how much information 
will be contained, in the feedibat^k, and whether or not the feedback 
will be keyed to the correct answer to the question, or the student's 
incorrect response. The twenty-four categories of feedback rubies are 
shown in figure 2. 
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Fig. 2 : Feedback Rule-Set 

Item Transformations. The item transfarmation rules generate 
parallel items, either in the same item format, or in a different format. 
There are six basic item formats : true/false, multiple choiqe, matcmnc* 
short answer, fill-in-the-blank, and numerical. This gives 36 possible 
transformations between item types. Of these 36 possible transfoima- 
tions, rules have been developed for 19 transformation categories. Each 
category requires that the items be stored in the item form structure- 
described above. , Of the, 19 categories, only a subset of them will be 
feasible at any given time, depending vn uie' nature of the item foi-m, 
and the availubility of any additional information which may be 
available. For inst<mce, one of the alternatives for short answer to 
multiple choice requ.ii-es the collection of student responses to the short 
answer question, with the most frequent incorrect responses' being 
S]3ecified a^- ' he multiple choice distractors, In the single concept 
teaching model, only'a small number of these transformations are ap- 
plicable. ' ■ " 

Posttests. The purpose of a posttest is to assess a student's overall 
■level of competence on the matei'ial ju&t taught. Thus, the conditions 
for delivering a posttest are similar to those for delivering a pretest, 
^whose punpose is assessment. The same three test delivery parameters 
are also affected ; topic selection, item selection, and test terminati<3li. 
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Ih* additibh' ib tKese* ^ratcgies, it may be d<*sir»ablfe to measure pretest- 
pOWttesf ^n. In order tc facJiiitat6 this, alternative rules are provided, 
which Allow -the 4dentica>^'questi6hs btit in- ii random ordfer, br a set 
of' parallel items presenteia irt' random order. ' 



4. Suiiimary ^ 

the gO0l of this research is not to automatically generate course- 
ware. Rather, development of ; these models is intended to accomplish 
two tasks. Firs^ if successful, they AyiU generate a lesson design (and 
accompanying lesson) whic^i reflect the best instructional design prin- 
ciples for teaching that content category. This prototype could then be 
modified by an instructional designer in any way deemed appropriate. 

The second goal is to define what constitutes an instructional know- 
ledge base for the teaching of various categories of content. While the 
difference between a subject matter knowledge base and the Imowledge 
needed for teaching that subject matter has often been acknowledged 
these has not been a rigorous attempt at defining the structure r , 
these related instructional knowledge bases. This project has had to 
address, as a major by-product of the development of these models, 
the definition of several categories of instructional knowledge bases. 
Ultimately, the definings of these instructional knowledge bases could 
greatly facilitate the extraction of tiie appropriate content from the 
subject matter expert, for a variety of types of instinjction. 
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FOR DEVELOPMENT OF CAI IN ADVANCED FURTHER 
AND HIGHER VOCATIONAL EDUCATION 
IN THE NETHERLANDS ♦ . 



Roel van ASSELT 

Consortium COO HBO, Hengelo. The Motherlands 

Within the world of education and business in ihe Netherlands, 
there are no possibilities to develop large CAI courses locally, at a 
single Univeirsity or at a single CJollege. 

The only way to build sophis.ticated OAiI of some size is by means 
of cooperation within the field of advanced further education. However, 
cooperation between educational institutes and a common use of ma- 
terial for educational purposes are concepts unkniown up to now in ad- 
vanced further and higher education in the Netherlands. 

If two important criteria are met, oonunon production and common 
vse of CAI material can be generated, namely : 

— an adequate national infrastructure, created and supported by a 
professional (educational) management, and aimed at the production, 
distribution, maintenance and salability of CAI material ; 

— a considered implementation of CAI, suited to the educational 
policy of the educational institutes aimed at making the process of 
teaching and learning more autonomous and rearranging it into modular 
Instruction. i 

First, this paper will offer an insight into the facilities concerning 
the infrastructure for the complete process of developing OAI material, 
next the aspects concerning appreciation, acceptation and implementa- 
tion of CAI will be illustrated, The issues described here are currently 
being developed in the Dutch HBO. As it appears, this will ha^jpen in 
a business-liite way without government interference. 

We will end with some conclusions. I 

Infrastructure & Process of Development of CAI-Materials 

Tile complete pi*ocess of dovelopmont has thi-ee routes (se<^ Fig. 1), 
namely : the acquisition and implementation route, th<; production route 

ITtr ^.^^^^'^ prosented at ihe 5th EAIIDE Congress, April 1987, Univei^sity of 
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and the sales and distribution route. As is usually the case with the 
development of teaching aids, there is a continuous feediback on this 
process : 



market acquisition/ 
Implementation 



production ^. 



salos 4 
distribution 



^ market 



Pig. 1. Diagram of CAI deveiopmenu 

A very important jeature of this CAI development is that it is 
COHERENT, which ^ in our opinion, is vital for the infrastrwture. Tlie 
diagram for the project's organization is shown in figure 2. The three 
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External partners for the development support. 
(Universities^ publishers^ software-houses^ ...) 

Pig. 2. Diagram of the organization 
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r^ite.Srind^ca.tQd,.9t>f)Y6 ,are, indud^jd, in this .diagram and will, Ijlce the 
other units, be olaborated below. 

•• Tasks ■ • -^i 

The following belong to the undivided task of the MT ; 

1. Financial policy;' 

2. Market research po.Ucy ; ^ ■: 

3. Publications, ' • ' ' • • • , , 

.wi-T^^ acquisition and implementation portfoUo includes the respon- 
sibilities for : 

4. Consultations with the institutes of HBO ; ■ 

5. Feasibility study/determination of course subjects : 
b. Qaulity control of the CAI material, ; 

7. Course implementation as regards content ; 

8. CAI implementation in the HSO ; , . 

9. Public relations; 

10. Instruction ; 

11. Research and development of educational/product innovation: 
U. Personnel management. 

The production portfolio includes the responsibilities for : 

13. Making plans for course proiects : 

14. Team formation ; 

15. Overall design of CAI courae development : 

16. Prototype design ; 

17. Production of CAI materials ; 

18. Monitoring developmental standards and progress of projects • 
prediction"; " ^""^"'^'"^ '""^ ^'^^"^"^^ organizatiorfs L' 
belo^r '^"'^ distribution portfolio includes the responsibilities 

20. Teclinical implementation ; 

2t, Marketing, distribution, sale of courseware ; 

oo ^.^[^}^^!^.^^^ ''^^^ management of courseware : 

23. Distribution of (written) information : 

24. Copyright control. 

manJgts.^"'''^''"''''* '^^"'"^ '""'^'^ educational and business 
CAI Developnient Teams 

For carrying out tlio production activities in the piojec:t, the prinu.- 
ry working groups formed are CAI developnient teams. Each dev(>lop- 
ment team consists of some authors/experts on the subject matter, 
working in the organization and remaining at the institute of HBO as 

^ , . 259 203 
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a teaoher, eath on a half-time basis. One of the tewn membres is iippoint- 
ed team leader, i * * ' 

The development teams are managed by project managers from the 
world of business, in this case the firm of S-CON. A project manager 
can be the manager of several development teams. The institutes 
"invest" in this development of CAI by supplying members for the pro- 
ject teams and by maintaining the infrastructure ; tl^e business world 
participates by bringing into action the hardware, the software and the 
project managers, and by financing in advance the external expertise 
(from universities, national groups of subject teachers, hardware and 
tsoftWare firms, publishers etc.). The investments can be recovered by 
means of sales. 

The exact procedure 'oif the organization; laid down in the business 
plan and working rbutines," Was developed by : 

— the Consortium CAI-HBO ; 

— the firm of S-CON ; ; ' 

— the SCB (Foundation for Computer Management in the HBO) ; 

— the Educational Centre of Twente University ; 
which will undertake the implementation in a partn^sKip. 

Based on market research, about 40 CAI projects (forming about 
1000 hours of coursev/are) have been defined. Dependent on the finan- 
cial possibilities and competitors* activities choices will have to be 
made. 

Implementation . ^ . . / 
The conditions. 

For the acceptation and implem^entation of CAI in the HBO the 
following conditions for success are important : i 

QzLOlity (high qu iUty of the courseware ; high quality of the writ-- 
ten study material ; good coherence between the courseware and the 
written study material). 

Performance (positive learning results ; gain in learning time ; 
decrease in the number of contact hours). 

Service (well-consid<?red strategy for impU mentation ; good docu- 
mentation ; good facilities for distribution, niana/>;oment and mainte*- 
nance ; public relations policy ; research and development policy). 

Adequate cost price (positive cost-benefit relation for the institutes ; 
possibilities to become self-supporting). 

However, these conditions for a successful acceptance of CAI offer 
no guarantee for success* 

The educational and organizational implications of CAI arc so ex- 
tensive that a specific introduction of CAI is possible only if it is om 
tx'ddod in a specially adapted educational policy of the institutes. This 
means a policy aimed at expansion, individualization and modularization 
of t<?aching methods. The management team will therefore develop 
strategies to promote this educational policy in the institutes. 
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Only within such an edue^tlolial pbUcy at the instituted' will the 
acceptataon of OAI by the teachers, students and the school man- 
agement prove to be successful. 

The "parameters for acceptation" mentioned here will be elaborated 
m the next sectidhs for the teacher, the student and the school man- 
agement, I 

Acceptation by the Teacher 

A first important step (towards implementation) is that the teacher 
becomes acquainted with the possibilities of CAI through concrete CAI 
projects and measurable project results. This implies , publishing the 
infrastructure for CAI development. ■ 

A .second important step is the choice of the subject matter, which 
will have to fit ii^ with the subject matter laid down in the institute's 
plan of activities. Furthermore, it will be necessary to follow HBO study 
material whicl^.is much used ^nd more or less standardized. 

A third ji;nportant aspect is the possibility to be offered to the 
teacher to Use CAI units flexibly. For this purpose the courseware wiU 
be divided into small units, with which the teacher and/pr the depart- 
ment can easily put together a study program that is geared to his own 
curriculum, . 

A fourth aspect is making clear the advantages teachers will have 
when usinj^ CAI. It is a matter of interest that CAI can make the teacher 
tree to perform important (new) tasks, which are now left on the shelf 
because of the packed teaching practices. i 

A fifth aspect, which is of strategic importance in this context, is 
the choice of the teachur as the prime courseware developer, and the 
influence of National working-groups on course (ware) contents. 

Tile Education Departments of the institutes will, if necessary, point 
out the necessity and the cc^nsequences of the changing role of the teach- 
er m the student's learning process, and the role CAI can play in this, 
The Consortium will have to propagate its own views on this matter 
and will have to help making this concrete, for example by means of 
workshops, seminars and through the Educational Network of the HBO- 
Council. j 

Acceptation by the Student 

i 

Implementing CAI opens up the possibility of increasing the stu- 
dent's self -motivation. However, this self-motivation can only be dovcl- 
oped in a process-like way. Breaking the acquired consumptive studv 
habits is extremely important in this. The possibilities of CAI vvitii 
regard to specialisations according to content and pace of the learninjf 
process chullenge the student to become independent and self-motivated! 
A good private-study guidance, a written study material following 
it a good quantity of CAI and a measurable gain in learning time 
will facilitate the student's acceptation of CAI. 
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School ^managers' come to realize /^iiore and more that within the 
scope of the ne^v methoc's.qf financing Dutch education new way;^ must 
be found to teach effectively and efficiently. Developing a coherent 
educational development policy aimed at expansion, individualization 
and modularization is essential for this. Only within this policy a pro- 
fessional curriculum construction by sections and departments can be 
developed. In an educational mnovation carried out in this way CAI 
will be a viable method, because it is supported by a vital and estab- 
lished educational policy. In short, acceptation of CAI will be success- 
ful only in a new integrated ediioational appro^lch. The organizations 
aspects of individuaUzation in general, and of CAI in particular, are, 
however, numerous and complicated, 

Furthermore, nothing ventur^, nothing gain : an institute will havu 
to invest in computers, humah capital arid i;hahagement facilities, before 
the effects oil the offlciency of teaching b^coriie noticeable. 

For schools participating in CAI development projects by bringing 
teachers into action the time to recover costs is even longer and more 
risky. In short, acceptation of CAI by school managers is only success- 
ful if the efficiency (contact hours made free and used well, and devel- 
opment time to be recovered) can be made clear. OAI winning smoothly 
an institute oi' HBO helps to create a positive image of the institute 
and can promote (indirectly) the acceptation by the school management. 

Educational Management 

Especially with CAI the importance of a good management of testing 
and study progress is obviolis, By means of CAI expansion, differentia- 
tion and individualization of teaching can take place. Therefore an edu- 
cational management system should be designed which, on the one hand 
providos the student with a larger freedom to choose a study route, 
and on the other hand supplies information about the studeht*s progresr5 
at any given moment, 
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Conclusions 

As we mentioned, the 'mplementation of CAI, of some size, in 
scliool-environments is.very complicated. In short it is not only a matter 
of using a new product (like a new textbook or the like). It is the iiccep- 
tation of a new educational process. To acquire, to produce, to sale, to 
distribute and to maintain CAI-materials, and to implement the new 
educational procc*ss, a strong professional educational management is rc^- 
quired. It must be able to adjust U} all parts and details of the coherent 
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J ' developing process, described in this paper* Good connections with the 
; Educational Departments of the Institutes of Higher Vocational Educa« 

ticn are indispensable, 
^ ^ It is clear that all this Is much more than (exaggerating,..) just 

*4 building a ^courseware-factory'^ in splendid isolation, GAWevelopmont 
^ is a mere educational task, at a national level, for the Higher Vocation- 
' ^ al Education itself. The infrastructure necessary for this challenging 
V enterprise is given in this paper. 

The C<mScimkk dOO H^b is? 4)uilding CAI-mat^rials for the higher 

and ^Ancefl Vodatioocfl education, > and is developing the •'^ infra- 
c structure described above, : ^ . . 

(COO ^ CAI and HBO ^ Higher Vooationa. ^.ducabion). 
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Abstract 



We give some principles that have guided us in the build-up and 
mv.nagement of an advanced centre for the computation sciences and 
software technology. By such a centre we understand one whose pri- 
mary aim is to bring latest software technology out into industrial use. 
The principles centre around clarifications j 

(I) of what is meant by the cluster of sciences and engineering 
illustrated by : theoretical computer science, computing science or pro- 
gramming science & methodology, and software engineering ; 

(II) of what the various fields of activity in information technolog ' 
are : software, informatics, technology and simulation modelling ; 

(III) of what is meant by an advance project ; its trinity of consti- 
tuents : concept formation, development of design methods, and proto- 
type construction ; 

(IV) of base components often omitted in advanced projects in the 
highly intellectual fields of software and informatics : terminology 
development, library build-up, development graphs, and the SEA tripos : 
study-experiment-action, and 

(VI) of ways of effecting relevance of projects and technoloev 
transfer. ^"^ 

The special problems of Software Technology appear to require 
that centres of the kind we are going to refer to need put special em - 
phasis on our last issue : 

(V) project planning, decisioii and monitoring, i.e. in the broader 
issues of project management, including 

(VII) search-, study-, experiment- and prototype project phasing, 
We have interchanged (V) and (VI) since ^V) belongs more properly 

to a matter of principle whereas (VJ) is more coi .^med with implemen- 
tation of (the 5) principles ; but we treat <V) since its component-issues 
come from (IV). 
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Several research & ^fevelo'pmerit ^(R & D) centres are being formed 
in th«fse years, or have been established for many years without the 
desired impact, centres v/hose aim it is : ^v'* n 

to provide advance work in the computation sciences \yith a view 

tbwilr'dsa 'imprilflng software tdohnology, ^rid ' ' 
'tb f&tfler transfer of such tefchnblogy from acidemia ^ industry, 
-i Thtsse'^^o^tt^s -ii^e hot necessarily to becdirte' centres of fundamental, 
or bs^Jte rissi^aidh; but'tathfer fockl points of ^"technology*^ (i.e. computa- 
tion soiience + software technology) transfer. 

These centres ax^ formed : 

<i) eithei: niationaljiy 

<GMD IFRG] ; INRIA [I J ; CNRS [I] j ICOT [J] ; CWI [WR] ; 
NCSTpND]),^ 

(ii) or between a group of industries or private & public companies 

<DDC [DK] ; 1ST [UK] ; EORG [Eur] ; MCC [USA] ;,SICS [S]), 

(iii) or by a university : 

(iii. a) either with industry membership ['science parks'], 
(iii. b) or in response to government funding 
(SEI [CMU]; ICSI [UC Berkeley]), 

(iv) or they serve solely within : 

(iv. a) a ministry (BSI< CSTC, etc. [PRC]) 
) (ivj b) or a private' company (IBM, SRI Intl., HP-Labs., TCS). 

The present author is aware ot around SO such attempts in Europe 
(several), the USA (several). South America (a couple), India, the 
People's Republic of China [PRC] (several^ competing, between min- 
istries), the USSR (— similarly), Japan (a couple), etc. 

The presen;t ^uthor has been very active in building up one siiph in 
Denmark : the Dansk Datamatik. Center 2 DDC. The reader is referred 
to the English language annual repoi'ts of the DDC for details. ' 

In talks v/ith l^eaders and leading researchers of vhese centres — over 
the last 4— 6 years — a number of observations has been made, several 
of themv unfortunately, reflect a lack of coherence in what one actually 
wishes these centres to do. As a resuH of these perceived defects these 
centres seem not (ab^e) to succeed in what they, were technically and 
scientifically sut)posed to do, s(*em to have become ^^mpires in and by 
themselves, and seem shut off from the world some of them werc^ 
intended to serve. 

We must elll reailise that we have bctn asked to comduct a new 
kind of **ibusiness*' in ways we are not quite familiar with, and where 
we cannot always copy ' managemertt strategy Ideas from other areas. 
Tho prese^nt note, therefore, hopefully as a useful contribution, shall at- 
tempt to give some guiding principles that were and are used in direc- 
ting the reasonably successful DDC. \ 

Wo must realise' that among the major stumbling blocks to proper 
success of those new centres with regard to their originally stated aims is 
that directors and management often cannot cope with the span from [or 
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thrgap between] the material, gadget- and device-oiuenited um^veise of 
teehnoiogies (faster, more, smalter, cheaper, ...) to [and] IS infeS^ 
cancea>t-orle«jte5i universe of info^tj^ (bt^ttej-). / , * 

I: Some Definitions , i ,r , ,! 

To establish and manage a' pentre for advanqod technolpgy is a 
TOeta-proj^. Jfl TO, Pr<>i^t. .wjie1<l?w m^t^^^ or, ^vianc<^>d. {9i?; the Jitter 
will d^cined in, a rsepajate section; below . ["Ill : A^dva^fl^ Piy)jecits"]), 
a first UJideirtaking to establish i^,w50und» complete, and oansdstent tev- 
moijology. It is then a subsequent, itunning activity to .stifck to the W- 
minology, and, if required, to update the bermirjiplogy. 

Failure to do so will lead to confused projects : to projects whose 
members do not kno\v, precisely what is being rese^jied and developed, 
what strategy, tactics and operational plans to invoke, mk henee fc> 
projects which are- haard to manage, ,and which in only . rare oircum- 
stanoes will lead to useful results.' 

In this section we define the following terms : 

Computation Sciences and Engineering 

The computation sciences and engineering consist here of : com- 
puter science, computing science, software- and hardware [computer] 
engineering. The underlined terms are defined. 

ITheoreticai] Computer Science 

Theoretical computer science is the study of programs: 
of what is computable (meta-mathematicB, computalbiUty theory, 
...), of how complex it is to compute things (algorithm analysis, com- 
plexity theooy), of the mathematical foundation for various abstractions 
of computing (automata theory, formal language theory, net theory, fix 
point domain theory, denotational semantics, algd>raic semamtics), ' and 
of the foundiation of the reasoning that goes on in prognammdng (proof 
systems, Hoare Logics, ...), etc. ' 



Computing Science — or Programming Science & Metliodology 

Computing science is the study of programming : 

of the methodologies, languages, techniques and tools that go into 
the development of software : requirements anaJy.-5is & definition, func- 
tional and non-functional specification, program transformation, of the 
special development techrnlquets required in oi-dor to secure reliable, 
robust, fault-tolerant, and secure software, and coding. * 
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'■ --^Sditware'EiaginiMrlnKi*' 'I . ^ ...r 

: Softimre engineMn^ is t/ie ipmctice of ^progrtims and- pfOfframming ; 

^ .tJyps :H inclpd^- tlie, syH^ctic and pra^jim^ 'human 'as well as 
mecbani^^l (to6l-bi^lding and , tool use) concerns of how to , produce, 
vall.^te, contrql -a^ ;TO?fjitor ^qouments needed in the softwa?^ develop- 
ment prooeap^ not just fr^m the,, podnt of view :of supporting theSe 
processes niechanica..y; but also of securing interaction (the social 
l^eien, people : 'custom^rs/^^ developers, aij^d be- 

Programmer ... 

When a jaerson is concerned with, the semantic aspects of the pro- 
gramming process, for example : which functipn^ properties to capture 
m abstract specification and whici^ to focus on in concrete design and 
coding, which formulation to give to development documents, what thev 
mean, how to verify what documents. describe, and how to transform 
abstract descriptions into moi;e concrete , pnes, then that person is a 
/^°?r«!"^^'u^"^i. '^ A programmer proposes theories 

(With th^ theoretical comF(uter scientist guarenteeing thetse to exist). 

Software Engineer r 

When a person is concerned with the syntactic & pragmatic aspects 
of the software development process, for e)tample : with the non 
functional, current technol^^y constraints,' the tracking of external 
design [constraint] requirements, the journalling of development docu- 
ments, the creation and maintenance of versions of specification, design 
.& code documents, their configuration into products, and with the 
validation of non-functional requirements, then that person is a software 
engineer. The software engineer is a too^ builder (with the tools 
always reflecting a new instance of a methodology, but bound by 
current technology constraints and theoretical know-how). 

Programmer vs. Software Engineer 

The software engineer "harnesses" the laws of nature, the pro- 
grammer the laws of mathematics, computer and computing science. 
The software engineer interfaces with the ever current limitations of 
hardware technology, the programmer with the always fixed laws of 
computability. The same person is at times a programmer, at times a 
software engineer, nd a good programmer knows exactly when transi- 
tions are made between the two activities, and when the assistance of 
a computer scientist is called for — to help secure the foundations of 
what IS being described. , 

Subsequent sections will introduce (define and use) additional terms. 

261 

o 258 

KIC 



STFUCTURES, OBJECTIVE6 AND MyVNAQ^SMENT OF CENTRES FOR COMPUTATION 

I 

The morale of this section is the following : ^in every industrial' 
♦ software development project, and hence also in every R&D center 
project, inake sure that your staff comprises all talents : programming, 
crgineering, theory and management. I, personally, currently, belie VC5 
\i the usefulheSs of separaiting the concerns, ie. of letting differeht state 
people man the positidns : programmers, engineprs, Scientists and 
managers. References 1 — 2 outline the specific roles of th^ four groups : 
prt>grartunei*s, engineers, scientists and managers ; suffice it here to 
emphasize^ that even state-of^-the-art theory results have proven useful 
in mundane develdpnrtents. The very successful DDC Ada ' Qompiier 
development is a testimony to that. i • ' < 

II: Activity Fields of Information Technology * * 

Wc basically see the fields of activities centered around the use of 
computers to f all-in 4 areas : 

Software Methodology, 

Informatics, 
■ ' Technology, and 
Simulation Modelling 
That is: the projects of an advanced computation science and 
software technology centre can be classified to primarily belong to 
either of these 4 areas. 

Failure to identify with either of these, or, in cases, to compartmen- 
talise centre projects in a similar way, will lead to projects that are con- 
fused, Jack focal points, are hard to manage and will only lead to weful 
results under very traumatic conditions. . , 

Bach of the four areas will now be defined and described. 

Software Methodology ^ 

The objective of a project in this area is to rreate concepts, (meta-) 
methods [technique^: and tools], and products useful primarily to pro- 
fessionals of the field itself^* that is* to programmers, software engineers 
and their managers. The aim of a project is basically to advance the 
state of the art of programming science & methodology. 

The primary interface of the products of this area is to other pro- 
ducts of this area ! 

The primary theorie<i of this area arc those of computer and com- 
puting science. 

^Tample^s of project;s are : operating ^ystem§ design methods, compiler 
dev lopment methods, metliods for database design, incl. data models 
and their d'ltabaso management systems, programming & software engi- 
neering support environments,. methods for the design of reliable, fault 
tolerant, robust and secure system^., of distributed systems, etc. 

Informatics \ 

The objective of a project in tliis area is to create concepts, design 
methodologies and products useful primarily to non^edp professionals, 
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to 'end-u8«rs.: The aim is to advance the state of the art in hOiman 
application*) of computers. 

The primary interface of products of this area is to humans, i.e. to 
people. 

' , ^, The pr imar^ th^bries of thi^ area are : \ . , . 

/jfifmputation, 
linguistics f « • « \ j r 

cognition and 
organisation. 

That is : building upon state-of-the-art in programming to combino 
this with concepts from the linguistic, the cognitive and the organisational 
(management, behavioural, sppiological) science to bring about user- 
friendly man-machine interfaces (MMIs), fpr knpwle<Jge-e;xpert-system 
based systems which function well in ever-ichanging human 
environments. ' • o ) 

Examples are : advice-giving decision supiJort sys^ms, office auto- 
mation systems, desk-top publishing systems, spread sheet systems, 
computer aided learning & instruction systems (CAL/CAI), .... ^ 

^ Technplogy . ' ' ' * '■• 

The primary objectit>e of projects of this area is to develop concepts, 
d,esign methodologies and products useful primarily to systems^, consist- 
ing of hard technologies. The aim is to advance the state-of-rthe-qrt in 
technological, embedded systems uses of information technology. 

The primary interface of products of this area is therefore to 
techhology. , 

The p*Jlmary theories of this area are, besides those of the computa- 
tion sciences, and in cases also those of the broader informatics sciences, 
those of engineering : civil, mechanical, chemical, electricar& electronic, 
incl. communication, systems & control theory. Othqr sciences are pre- 
sently entering the scene : biology, biochemistry, etc. 

Examples of products of this area are : medico-electronics, I.AN^i 
WANs, OSI, electro-mechanical gear and instrum/^nts of any kind : CAM 
CIM, incl. robotics, flexible n]ianufacturing sytenis, engineering systems : 

CAD CAE, etc:, etc. 

. ' ' , i • • ' > . . ■ 

Simulation ModeHing ) ^ 

The primary objective of this area is to develop concepts, design 
methodologies and products which simulate or model large scale sys- 
tems for the purposes of validating hypotheses, or predicting behaviours. 
The aew is to gain improved insight into natural or human systems. 

The interface of products^ x?f this area, namely of the softw^\re models 
of large scale systems, is to the researchers, scientists and advanced 
technicians who rese^rch| control or inonitor such largo scale systems, 

The t/ieoncs entering this area are any of the ones entering - thi? 
probkm domain being modelled, with most of them resting on firm 
mathematics. » 
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. Efcamples oft products are : environment/ecological models, economic 
forecasting and planning models, models for example of Ihe 'nucli^ar 
winter', pattern recognition/image processing, etc. > : \ < 

Note : there are overlaps, in kind, of this field with that of Intornvatics : 
Whenever a simulation nodel is rvm r«pe«(tedl^, for dedsiofi support in everyday 
business' then it beco;nes, not a hypothesis validating, or behaViout* predicting 
model, but more like u knowledge-'based, or an expert system. .1. 

in : Advanced Projects * 

'Ih this section we define wliat is meant by' an advanced project. 
' 'By an advanced project We understand one which contains "equally'*, 
all of the three objectives : development of ' , * ' 

(i) new concepts, ' 
,,{ii) n^!iv design mepl),Qds, ar^d , ' . 

(iii), a (prototype) prootitcf, , , ' 

To develop new, concepts means, in different contexts, diftfetent 
things. Basically the idea is the following : the product produced must 
reflect some new notions in computing, for example a new' programming 
paradigm (in the area of software methodology), a new office automa- 
tion system notion [deisk-top publishing, spread-sheet, ...] (in the area 
of informatics), a new process control or flex'ble mfg. Scheme, etc. (in 
technology), or a new theory for a given problem doniain (in simulation 
modelling). 

Td (ievelop new design methods means likewise there must be an 
element of methodology R&D in every advanced centre project : giver* 
a successful completion of an advanced project It must now be more 
clear how 'similar products (applications) should b^ developed in the 
future, by industry, by end-users, by other, hon-edp orianted tech- 
nologists, by mathematicians and engineers. 

Thus to develop concepts has to do with lohat the product ex libits, 
whereas to develop new design methods has to do with how the woduct 
achieves its functionality. 

If a project does not aim at a product, be it just a prototype product, 
then there is a danger that it will become a 'pure, speculative' researcli 
project. If an advanced R&D centre for the computation sciences and 
software technology does not adhere to this trinity, in all of its projects, 
the word 'advanced' will soon become 'com^^'^rcial', the piofix 'R&D' 
will instead become 'marketing and sales', the word 'computation sciences' 
oan be dropped, and tlie word 'software technology' be replaced by 
*edp' ! 

If an advimced R&D centre, of the kind we are talking about is not 
staffed by people who are all equally interested in all of the three areas, 
and who are all primarily interested in their interaction, then manage- 
ment will have a hard timo directing the technology transfci aspects; and 
in avoiding the centre becoming just another for-profit company, coin- 
petind with the environment it was supposed to serve. 
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IVv^Some Project Comttonents 

The following components, commonly omitted '<i)r overlooked, have 
been foundioruciaV to .the iSuwess of any advanced project : - 

(ii) Llbriiry^-and : ^ . i-, . -'i:- •( 

(iii) Project Graphs. ^'"^ ' ' ' 

That is : the establishment (creation), daily use, and continued 
maintenance of each of these three is deemed an essential feature of 
good project managem^t ; » • 

Then the division- tof work, as 'described, on a per paclcage basis 
by the project graph, int^ ^ 

(iv) Studj^'ExP^riment-Action (SEA), \ ' 

has also been found crucial in the continued, uninterrupted on-the-job 
education and traihihg of £dl staff . I ^ ' 

The universality of comjpiiting/it being applicable to wdl nigh any 
arfea of human and ' techhblogic^f concern, and the thereby connected 
highly intellectual nature of c<!>nducting project in the area, I'equire the 
presence of all four of the project-independent c^omponents in any 
project. Finally the overall combination of these ingredients into a 
■whole', namely that of! Proieot-^Management will be reviewed in a 
subsequent section. ' ' *■ 

We now elaborate .on each of these .4 base components of any good 
project, and their total interplay.- 

Terminology t , 

It has been mentiofted, above : in any advanced projecti it is 
decidedly important to establish, use and maintain a terminology. 
It is triply important since our ' advanced project involves both : 

— concept formation (i.e. the intellectual development of new 
ideas), 

— design methodology development (i.e. the engineering development 
of new construction procedures, techniques and tools), and 

— [prototype] product development (i.e. the commercial, market - 
oriented "manufacturing" of saleable goods). 

A terminology is a dictionary and a thesaurus. The dictionary ' 
thesaurus introduces, both a vocabulary of all the terms now and 
crucial to the product concepts, and the design methodology, but also 
its taxonomy. For each term a precise definition is to be given, rolatin^^ 
it also to other defined terms. TMs may sound as a bit of an academic 
"egg-head'' approach. But then the reader has to accept that software 
products are entirely and exclusively intellectual products, artifacts ot 
the mind, primarily free from any technology constraints, or at least 
attempting to be so. 

In establishing, enforcing (using) and maintaining (updating) a 
terminology we avail ourselvej of a terminologist, a person who also 
looks after the library function — see below. Thus : at the very outset 
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of a project we nominato a person,, and we establish , procedures for 
that person and all project staff to follow, for creating, using and 
controWing , the terminology ^ ,, r 

We consider the Terminology/Diotionary/Thesaurus/Taxonomy to bo 
part of the resulting delivery (product). It is not uncommon to find 
that the job of creating, enforcing and updating this document in a 
8—12 person per year project is a 1/2 time job ! ,i , 

■ Library' ' ' , '\ " . " ' , " . ' .' ' '"''^ 

The next important manifesto or an ongoing project is the litera-, 
ture it refers to and the reports, documents, and publicatioijs, it itself 
generates. As will transpire from the SEA m tion <StuUy-Experiment- 
Action). our project study experiments with, refers tp and results fu 
literature. . \ 

In making design decisions with regard tp concepts «i4opte.d, design 
methods proposed, and product functionalities, we make extensive refer- 
ence to existing or generated literature, this is aU bibliographed and 
extensively annotated by the library function. . 

A project library is a triple : 

a schenm for the organisation of the libravy, 

— ^ an hierarchy structured catqlogue of all the entries of the actual 
document base, annotated with regard to the taxonomic terminology, and 

— the actual document base — wherein all documents: books, 
journals, reports, etc., are stored in physical form, 

The schema and catalogue is usually computerised, whereas the 
document base is in conventioal library form ; copies of the referenced 
and annotated documents, stored on accessible shelves. 

We find that an advanced, project usually generates 3 — 4 worthwhile 
n^ports per project member per year, and that each of tlicse reports 
make extensive reference to the library, and that, hence the library 
concept is an important, indispensable one. 

We find that in an 8— 12 man: per year project the library function 
is a 12 time job. Hence we find that the jobs of a terminologist and 
a librarian are a full time job for any interesting project, 

Project Graphs 

The notion of software development graphs, and the derived 
notion of projcK^t graph is described in refs. 1 — 2. 

Since these r<-*ference.s are generally available we shall not here i^o 
into any detail of u'hat software development graphs are, see however 
our article in the 3Ji issue of the EACTS Bulletin on Aspects of the Role 
of Theory in the. Computation Sciences and Engineering, the section 
named Software Development Gravhs, 

Suffice it here to repeat : .if tlio management of a project cannot 
its(4f genmUe^ its appropriate piK)ject graphs, then the project shoukl 
not be undertaken. 
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SEA: Study-Experiment- Action t 

Each node, and each edge of a' project graph, stands for certain 
activities leading to certain documehts. Each node or edge ' activity 
takes. tame. We divide this time into three phases : * 

in this phase, usually of 3— 6 weeks of dumtion, we study existing 
\ literatui^V;!^^ present its findings to our project colleagues, 

and entfer ailnotsited entries 6f conceplts into our ,'terminol6gy and entries 
of refeli'^no^^ literature'^into^ o The study phase toixld also 

•be cafled the 'education phase\ 

. i ; • i .. .. 

Experirnent Phase : 

; In this phase we aply essence of the most promising findings of 
the studied literature to small, but difficult "toy'' examples. The results 
are additional concepts, introduced into our terminology, and various 
research and development notes — these latter are entered into the 
document base. This phase is usually double the length of the stud> 
phase. The experiment phase could also be called the 'training phase'. 

AqHou PJiase ; , i 

In this phase, usually of 3—6 months duration, we actually apply 
what tiie aducation and training phases have taught us to the real, full- 
scale problem we were asked to solve in the first place. 

The decomposition of work into three phases has been applied 
successfully in DDC projects. Even in commercial projects with tight 
dead-lines and tight funding, it was found that rather than lengthen the 
process, it was shortened, that rather than diverging over differently 
manageable activities (study, experiment, action) staff and management 
were better able to conduct their business in unison, more focused. It is 
strongly beUeved, and has been simply upheld, that staff, in R&D centres 
of the kind we are talking about, should not need to be taken off projects 
to be sent to summt^r and witcr schools for the sake of cantinued 
edoication and ro-training. Such continued education and ti*aining must 
be part of every project, but related very strongly to its semantically 
meaningfful suib-components. 

V : Project Management 

The alx)vo lour notions (tru-mint^logy, library, project f -aphs, and 
study~exp(Mnment"action) arc but ((>mix)nen ;s in tho ovefail project- 
marbag(nnent puz/le. It is truo that tV^^ notion of project giMphs subsu- 
mes the ether, but then the notion of overall project management sub- 
sumes everything. 

We sw two facets here : 

— non-technical nianageniont issues ' 

— technical quality assur^inc^. 
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Non-Technical Management Issues ; • ■ ' . ,v(t 

Pirojeot creation, to establish, to direct and to successfully conclude 
a f reject !i5(;a project, hence ia jn^tarproject, in-and-by-itself. The <)bject 
of project management is, io the cases we are here dealing with, primal 
rily the highly intellectual processes of forming concepts, and of finding 
methods. This gives a new dimension to project maruagement. To create 
the objects, that software people are creating, is :'ke writing a book. 
Only, instead of having one,, pr , 3— 3 authors, you have a mindmum of 
10—20 !|.p:hi5 process, of.havirijg- some highly literate people Work with 
many, >u»ually, "cultumlly''-«peakirig, - illiterate people — that process — 
ds not well understood. Again and again we see ghastly ,tales 'of exorbi- 
tant oo»t and time overruns, and of pi'oducts complefely missing even 
a minimum of expected functions. , , 

We besically believe that these often catastrophic failures are 
due to a complete deccupHng of ordinary memagement issiues from the 
techndcad ones of first 'creating, and then executing a semanticaliy 
meaningfur project graph. We shall therefore^ hinge, as an exitreme, but 
hopefully useful point of view, all of our non-teohnical 'management 
issues around the notion of project graphs. ^ . 

The overaU issue of project management is : '•■ ' ' 

— organisation building and maintenance 

that is : to create the organisation necessary and sufficient to creato. 
conduct and conclude a, or the, project. 

The subsidiary, non-techniical issues of project management are : 

— budgetting, financing and accounting . , 
resource allocation, scheduling, monitoring and control 

— decision anadysis, assignment, making and follow-up 

— manpower motivi'tion and competehce-monitoring 

— project graph creation, monitoring and update 

We conclude by repeating thait wc believe, strongly, that [a treat- 
ment of ] all of the above "bulleted" items should be primarily structured 
oy (Jmk<:Ml to) the notion of project .graph. 

Technical Quality Assurance i 

In other technologies quality assurance includes quality control — 
as somethmg that can be done on the side, by functions orthogonal 
and mdependent of remaaning pi-oject work. We believe that, with the 
highly mtellectual 'book-writing* character of software creation, quality 
as an mtegral part, both of the project, in-and-by-ltself, and of the 
product : 

Project Quality Issues 

These are the project quality issues ; 

— budget, financing and iiocounting affinity : economical 

— measurable project execution : objective 
con-ect resource estimation : re.wiirceable 

— reusable product (component) results 
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. . — s^rity : ptp j©ct , Jjoads to ; e^cpected a-esults , . 
Pr<xlt«5fc Qtw«tt/ 

These are the prodiuct quality issues : , , 

• ■ — /ttness for purpose 

— correctness : product implements specified fuaicrtd-ons 
' — T^^Uff^y- urv^biguous i^jecton of clearly specified non-input 
; . — jamt-tplerance : unambiguous rejection of unforeseen data 
,. secure ; system cannQt be tampered with , 
. ~ rqhust : incremental changes, preserve product quality 
...— imintaimbilUy; inci^enial changes linearly implementable . 
QtuUtty Assurance 

^ QMality, assurance is to work with the right projects, to plan.. and to 
St '^"^ ^^^i^^yi'^g ^he project? ind 'p^C'qillity 

/!: "Technology" Build-lip and Transfer 

Two aspects are covered here : 
of Dmvprm^tS^?"''; in a non-university environment, the safe build-up 
tet"pr."SfLd^'"^"^ relevant concept., and o? 

(ii) how to socure the transfer of methodology, concepts and pro- 
duct - our triple word "technology" - to industr/^d business ^ 

nv^Jr,tT^ -^^^^Ju^."^ thoughts and experience in this area. The 
presentation is in the form of advices. 

"Technology" Build-Up \ 

r^il^l*?+.f 2! ^^f^^''* associate groups of permanently and tempo- 
.^Slw ^^sP^tively consultants, and with the eXe 

centre we associate a science & technology board 

S^ir inCSn^l i^L^^^^ project.Men^.\e « 

dwatiSTTSJ^^r.^ ^uivisors stay with a project usually far ite entiir 
S^T S^o.i P^if^y consultants aro hijed on a per problem basis Tl n 

^ka^LT;^'' '^^^T^^^ 3^5%rs One shoula 

seeK a continual renewal of board membere. 

The S&T board visits [shouP v.i.sit] the centre once a year, for 2 
days, and are daily given 4—5 hom-s of presentations of 2—3 projects • 
Of their conceptual basis, on their .strive for methodology, and on thdr 
product aims. Pretsentations are part foimial, part informi^l, with exten- 
sive mteM-action between S&T boaixl membcre and presewtei-s. The inter- 
action is always both pinpointing problem spots as well ms suggestinit 
remedies. The entire centre management down to relevant project man- 
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agement and sub-project IteSders/supervisors tak€? part in these meetings. 
JE^ch day is ended with a 2 hour top-management + centre board direc- 
tors + S&T boaaxi member free-wheeling discussion. ^The nleetlng starts 
with ail overview of status and immediate pl-ans^i and ends with an 
overview and discussion of longer .range future pl^ns* S&T board mem- 
bers usually write no reports.,,; . > . , i. 

' Permanmt ^Ftoject Advisors vdSit;*indiVldual!ly, the proj^ once or 
twice a^' year for 1^5 ' davs, 'and ai^ regutoly serif; dckrilment^ oentnai 
to the project. Ocoasiortally they take part in residentiaj, week-long 
project work-Shops. Thiey are' giVen^ formal preiientattons, spend' most of 
the time discussing ' with Individual project scientists and engineers, and 
write short evaluation reports. 

Temporary Ccntsultantg are called ^in to solve specific problems. 
Sometimes they actually Visit the project for 1-^-2—3 weeks, aind Iflien 
usually also give a series of coUoquiae, in addition they work with' indfi- 
vidsoal project staff, or present their solutions to project ataff . 

A final ingredient in the quest for building-^up |cnp^y-how and in 
securing its o^bjective relevance is tho insistance on project staff publi- 
cations : at conferences and in journals.. The concept- and methodology 
facets of advanced project quite unproblematically lead to publishable 
results, free from specific product (and client/customer) confidentiality 
concerns. The SEA : study-experiment-aotion tripos together with the 
advisor and consultant interaction f- ilitates this attempt to let the open 
market-place of paper evaluation aiid conference feedback help secure 
'^technology*' budld up. i ■ 

"Technology'^ Tra >sf er I 

We see three target groups for technology transfer, and we basically 
only believe in transfer through people, not through reports or products 
The three target groups are : 

(a) .Partners 

(b) Clients 

, (c) Subscribers 

The pai^tner group may typically be from 10 — 25 partners, the client 
group may typically number from 100 — 150, over a span of 3-^5 years, 
and the subscriber group usually consists of some 1000—^3000 subscri- 
'bers. The economic mvolvement of these groups is inversely propor- 
tional to their ^r/Ai : 100—10 — 1, Partners are also clients, and clients 
are, also subscribers -i.e. p^tners are also subscribers. ^ / 

Partners i 

Partners "are like the stock-holders of an Incorporated, i.e. a stock 
cai>ital company. Partners foaTn the group that ^pealc up at the annual 
stock-hold(*rs meeting and elect the centre board of directors. 

The centre may either status as a non-pi'ofit association, as a 
publicly or privatf?ly-ov/ned, non-profit foundation, as a stock capital, 
Incwporatcd company, or some such thing. In cither case the partner 
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pays respectively memib^hip • duejst, 'or an initial, large flnandal ■ oon- 
tribulaim (intei^t on wihich would eqtial membership i' 

■ ITHe centre board of directors uaiuallyi come '4rom' partner compamies 
(institutions, etc.), and hence partners influence the policies, stmteev 
and tactics of the centre. 

In return the centre should be secured a tok^ri share of partner 
stoqk, arid a y^asonable role in leading^edge, advanced project within 
the ppirtfier company its^Jf. 

require special funding'— in which casts 
It is prdposed that a §^ra1e, stock-hod<ling or other interest company 
be Set up between the centre and a subgroup of partners, to finance, 
monitor and control such specific pwojects.. 

Partners have a right to get involved in any of ttie centre's manv 
projects, and usually can do so, either by financing it, or by assigjilng 
own staff to it. Not all partners do necessarily get rights 'to all results 
of all .projects. Usually it is negotiated, at the outlet of a project, which 
^y,' P^*"«^. S«t which rights to which pads of project results. 

When a partner becomes engaged in any specific project, in any of 
the roles mentioned above : financing, staffing, and rights exploitation, 
then the partner plays the additional role of a client. 

Basically, partnership has to do with basic funding of entire centre 
activities and thereby related influence on the. entire •centre. Partners 

genemlly intetresttd in the general welfare of the fields of cK>mpu.. 
tation, informatics and related technology 



Clients 



A client is not necessarily also a partner. A. client is like a customer. 
Any person, company, or institution is eligible to become ' a client. A 
client is one wIjo is actively engaged in a project with a centre. Eithei 
OS a co-contractor on a project towards a third party, or ^ a customer, 
funding part or all of the project costs. 

Clients usually assign staff to stay, on the centre premises, for 
longer duration during pi-ojects. 

Clients tend to become partners. 

Clientsliip has to do with specific funding and participation in spe- 
cific centre projects, with, little, if any influence even on project-direc- 
tion — thus it is a take-it-or-leave it, thereby distinguishing the client 
relationship from that of a fuUy piiying customer in conventdxinal trade, 
_ Clients are usually primarily interested in products, and only secon- 
darily, in as far as pnxx'ss know-how is required to talce over a product 
and maintain it, in methods. 

Subscribers 

^ Groups of centre projects usually produce concepts and metliodcj- 
logics of interest to a kirger fiudience of individuals, companies etc 

K,absorabens aix?, in this conixjxt, not interesteil in the projects as 
such nor in the prtxiuct results — only, to rept^at, in conc-epts and 
metnodologaes, 
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' .i The Peritre .^«refore; factors out a separate' activity : to serve sucl 
special interest giwips. Subscribers .. quarterly receive [extracts of) 
repiorts, a centre rjouri3ial> rand, discount offers on seminars, coUoquiao 
an4;P0Wses/ .. .> -^.i ; ' -.r •• ■ ; 

Sfemimrs, CQllpquicief Courts . . . ; j i, 

' * Sfeminat'* 'are Usiially ^1^^^ day, in rare " 2-djay 

events, Colloquiae are usually 2—4 hour eveints, with courses being 
anywi^lne ft6n\ day, to Week events, sometinies residential. 

A aifemiriar prosents finished, polished project resailts sometimes at 
a popular, informative, sometirties at an educational, pedagogical, 'and 
sometimes at a teohniioal/scientiflc level. 

Colloquiae offer insight into ongoing work on projects, with /their 
presentation being less polished. 

(>>ulrses are delivered with concern for pedagogics : participants 
mustbeabletoshpw thattliey have learned something, i 

Target Groups I 

Target subscriber groups fall in three overlapping groups : (i) tech- 
nical & scientific professionals who must keep abreast in order to do 
actual work on actual project in their own companies, (ii) company staff : 
planners, who must be more generally info *med So as to advice mana- 
gement, and (iii) medium-to-top level management, i.e. policy and 
decision makers. 

VII: Project Phases 

For the kind of R&D centres that we are talking' abooit it seems 
usefiil to break projects into four phases ; , 

— search phase 

— stu Jy phase 

— experiment phase 

— [prototype] piroduction phase 

For maaageinent control purposes it might be usefiul to view the 
above decomposition also as one into kinds of projects, and to indicate 
their relative num'ber within a centre : 

— search phase : 8 

— study phase 4 

— experiment phase 2 

— prodxicUon phas<» 1 

That is : the centre at any one time may have, say 15 projects, or 
a multiple thereof, of which 8 (ete.) ajx^ in their search phase, 4 in the 
studv phase, 2 — etcetera. Or, to put it differently : in order to genern 
ate t^ood production oriented projects we must search for good idea'i, 
scrap half of these, study the remaining, scrap half the studies, eteetera. 
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The resources spent, per project, in the various phases wauld. for bud- 
getting and other pui'poses, typically be : 

. — . search phase : 1— 2 ' manmonths 
— study ph^se 8—16 manmonths 

- — experiment phiiso 1— ■ 2 . manyears ' 
'— prodiuction phase 8~.... manyears 

In the search phase a new area is surveyed (for example Flexible 
Manufacturing System, seen from the point, of view of, for example, 
either knowledge based expert systems, or base software technology or 
LAN protocols, etc.). The search phase identifies, relative to the centres 
existnig competence and its desired future profile, the topics that could 
'be studied. The result of a search phase project is a management report 
together wath an embryo terminology and a stfu^ly/experiment [software 
development] project graph. 

In the study phase such topics are studied, leading to further elab- 
orated terminologies, technical and research notes, and possibly a 
^^xpenment + production) project proposal (including further refined 
graphs). > 

Etcetera, etcetera. 

The study-experiment-action notion attached to each note and edge 
of software development (project) graphs, reiDeats, in the small, what 
the study-experiment-production phase notions concerning entire proiects 
express in the large. 



Conclusion 

We have tried to outline a few of the orthogonal issues that go into 
sucoessful build-up and daily management of new centres for advanced 
ti&D ,m the areas of saftwaiv, informatics and technology. 

We believe it important fw management of such advanced R&D 
centres : 

(I) to understand the essence of the distinctions between theoretical 
computer science, programming science & methodology, and .software 
engineering ; and between programmers and software engineei*s, 

(II) to appreciate the fields of softwiiro methods, informaUcs! infor- 
mation technology, and simudation modelling, 

(III) to convince themselves of the importance of having each pro- 
ject bo advanced : containing aspects of concept formation, design 
method development and prototype product construction, 

(IV) to bas<' all projects on a-priori established development graphs, 
to incorporate terminology and library develoi>rnent in each fac^^t of each 
project, and to alternate each wor]<:-pac]<:ago of each node and edge acti- 
vity of a project (graph) between study, experiment and action, 



18 — New Information 



273 



STRUCTURES, OBJECTIVES AND MANAGEMENT OF CENTRES FOR COMPUTATION 



(V) to be able to cope with the special management problems of 
projects involving highly intellectual results and oftentimes "prirniaidjona'' 
like knowledge workers. 

(VI) and finally to understand the sources of technology build-oip 
and the tairgets of teohaiology transfer. 

We believe that many failures of centres projects can be traced 
directly back to lack of adherence to these issues. We believe that their 
adoption is a necessary requdirement for new centres to succeed. 

The totality of the many issues respond to the base premiss : work 
in the areas of the computation sciences (software), infomiatics, infor- 
mation technology and simulation modelling is not engineering in the 
classical sense of hai aessdng laws of nature, but is a highly intellectual 
endeavour, reqiuiring new piinciples. 

An issue often overlooked in several centres I have visited over 
the years is that of hiring people educated by scientists who have them- 
selves founded schools, and to let these hires form the core of projects. 
We are assuming that most of the centres, that we are here talking about, 
are technology transfer centres, i.e. sit between academia and industry, 
and that they take the best avaiilaWe theories from universities and 
apply them systematically in order to come up with worthy transfer 
items. That is, we are assuming that most of the centres need not them- 
selves be high-strung, fundamental research centres. 
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THE SOCIAL IMPACT OF TECHNOLOGY 

— AN ISSUE FOR ENGINEERING EDUCATION 

Amo BITZER and Robert SELL 

University of Technology (BWTH), Aachen. The Federal Republic of Germany 

The miain forces for change within university teaching in the yeairs 
to oome are, on the one hand, the students who are widely dissatisfied 
with "pocxr qaiality of teaching in contrast to high emphasis on reseaiich 
and, on the other hand, the industrial companies which are increasinjgly 
threatened by fast complex technological developments (e.g. automation, 
communication technology etc.). These companies have to tolerate uni- 
versity graduates who are rarely up to the needs of society under the 
impact of technology, including its progress, failures and even catastro- 
phes. The impact of technology on society may be useful as a lever to 
help bring about substantial change in university teaching and learning. 
Hence, we recently initiated a program within our university to raise 
awaireness of and promote discussions on the impact of technology on 
society. The aim of this staff development program is to shape techno- 
logical reseaaxh and development projects at our university taking into 
account their societal and ecological effects (Sell, Henning 1966). 

Our university, the University of Technology (RWTH), Aachen, is 
one of the largest in the Federal Republic of Germany. Every year 
hunda-eds of engineers of all disciplines graduate here and about IQo/o 
of them go on to a PhD in engineering. Most of them do this in verv 
close relationship with ind^lstrial projects. This means that they are 
working as junior researchers under the supervision of a professor in 
the framework of an indu.strial contract. The aim of their tliosis is usually 
•to develop elements of tlie new technologies which ai-e to be introduced 
to industriiil production. 

We try to use this situation to promote a new approach to techno- 
logical development within our university : from the very beginning of 
such a university projtKit on technological development, the researcher 
is asked to consider its future effects on man and society. Wo assume 
that the most important elements in this approach are the consciousness 
of the researcher himself in relation to po.«;sible eff-^ts and his strong 
intention to minimize any negative effects of technological development. 

Accordiingly, our ^program has three main aims : 

1. To encourage critical attitud.«5 towards technologicail research 
and developmejit within our university. 
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2. To cooperate with and to support junior researchers in relation 
to issues of technological development. 

3. To set up working groups of junior researchers, encouraging 
them to develop further theia* critical attitudes towards technology. 

In our seminars ixnd worl^shops, we assemble repi^sentatives from 
industry (managers, unionists, workers) and from the university (pro- 
fessors, junior researchers, students). The most important aspect of these 
activities is the confirontation of the university researchers with those 
who are the actual users of new technologiioal products, e.g, industrial 
managers or workers. 

As a detailed example, a series of workshops is designed to give 
workers the opportunity to tailk to junior researchers about their prac- 
tical experiences with the new technologies. The workers' representa- 
tives who repon in these seminars are mostly unionists. They have the 
Kelf-confidence needt;d to question the university researchers in tiie sub- 
sequent discussions. In this way our university staff gain insight into 
the on-'going processes of the power-struggle between maniagement and 
workers on these issues of new technologies. In ^addition the researchers 
leurn about the effects of technology on working conditions. 

Some other examples of workshops include the follawiiijg ; 

— OAD/CIM 

— artificial intelligence 

— expert systems 

— tele-homework 

— biological waste 

— traffic and its ecological impact 

— energy s/upply 

— communication skills and team-leandershii . ^ 

In our seminars on communication skills .and team -leadership, we 
simulate and practice discussions about and arguments on the issues of 
society and technology as they take place in reality. Thus, junior staff 
oxpericncc a new insight into their roles as university teachers and 
researchers by experiencing conflicts of a non-technical nature. For 
most of our engineers, it as a new experience that they have to come 
to terms with. 

in those seminars, we take into account the specific problems of 
women as part of the labour force. They are particularly affected by 
dcN'clopnients of n(»w technologies which produce rationali/^tion, tiuto- 
mation and tole-h mework. 

Another approach to r^^ach our university colleagues: involves joint 
panel discussions with n^presentath'es of unions, industry, university 
and government. These discussions are attended by an audience of more 
than 200, mainly consisting of studc^nts. The large attendance stresses 
once moi e tire oignificanco of our concept. 

It is important to involve professors personally in interuiscipUnarv 
cooperation on these issues "^echnological development. To achieve* this 
aim We oigani/e a different series of lectures, Each lecture is given in 
turn by diiferent professors of engineering and social sciences. Another 
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Approach is to offer seminars for professors in order to get them into close 
contact with modern industrial management facing the challenge of 
new technology.' 'v 

• But these different activiticK are still not sufficient to develop a 
"huniiJwicenti^ technology" (Brddner, 1905 ; Corbett, 19«6). The indi- 
vidoial problems of technical research are too varied. Individual support 
is necessary. The usual problem of junior researchers is a lack of time. 
In spite of their self-motitration thiey are not able to develop the knowl- 
edge and skills needed to integrate ideas about the socldl effects oi 
technology into their daily work. In this sdtuation we facilitate thedir 
access to the necessary inforhiation and publications. 
_ In addition we organize contac+s for the researchers with experts. 
These "experts" in our sehse are the mei.s of technology or those af- 
fected by techn(dogical development. Discussions with tliese kinds of 
experts and the resultant confrontation with their experience and ideas 
inHluence in la very fruitfiil way the process of research. However, it 
is not always easy to overcome communication problems. Another dif- 
ficulty relates to locating exipeits who will ibo affected by future techno- 
logics as not yet existing in industrial production. 

It ds obvious that the problems caused by the use of new techno- 
logies (e.g. oompHter?, microelectronics) recur time and time again. These 
are mainly problems relating to automation and the introduction of in- 
foirmation networks. Besides the effects of rationalization we often 
observe negative consequejices., such a:^ problems caused by working 
with video screens, the constraint of adaptation of human work to 
computer copditions, and th^ increasing possibilities of greater contix)l 
of workers. Whenever i^irriilar problems arise in the course of a dialogue 
with a junior reseatcher We can offer him' the benefits of the expe- 
riences which our interdisciplinary team makes available. In other 
cases we additionally refer to the experiences of our collegues in other 
disciplines, e.g. social sciences. 

When there are several researchers with similar research probdems, 
we s«t oip working groups comprising resetarchers and representatives 
from industry who are affected by technological developments. Their 
task is to re-design these engineering projects with the aiim of reducing 
risks and dangers arising from these projects within a wider social con- 
text. Up till now we have established 15 working gruuTjs, most of them 
focus/'.ing on themes lilo; expert-systems, changing "qualifications of 
workers, CIM, designing a railfrelght terminal etc. Some other working 
'groups have dealt with developing relations between the foliowing 
groups : 

— univc. sity ; 

— trad<' unions ; 

— professional associations of engineers (VDI ete.). 

In the beginning we offer these groups our assistance and support. 
But after a time the groups should be able tc work on their own. We 
expect tiiese groups tc; continue tlieir work even after our project which 
will have finished in lil88. We furthennorc hope tliat the activities of 
these groups will generate new projects. 
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The most ioitea^esting re.salt of tliese efforts is the project to develop 
further the qualifications of wo?J«:ers in the Three-NationiS^-Triangl^ of 
tlie Aachen area (Belgium, Netfittrlands, Germany). The qualifications 
aimed for include computer competencies,, problem-solving strate\gies, 
team-work and creativity traimng. In this way, we hope to contribute 
to workers coping with the new technologies. 

Tiie program described is the first of its kind in the Federal Re- 
public of ;Germany. It is . supported by a governiment grant, Our eval- 
xiation of the program is based on a series of intwviews with our col- 
leagues [involved in the different parts cf our pi^ogram. The dntervlewsr 
l>ave shown .us that tti^^ir involvement in the program has brought about 
a lasting impact /on their views of technologies and society. In iidddtion, 
these interviews have contributed to deepening ttie, persotn^al oontact 
between our t^am and our colleagues across the University. However, 
we have only limited indications so far that our colleagues 'are preipaired 
to change their appr.oach to engineering research* It .will- need even 
more efforts to achieve, yisible chang^;of this kind, i . , 
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MANAGEMENT OF HIGHER EDUCATION INSTITUTIONS 

' The literature on the new teclvnioiogies in highei* edmcation empha- 
sizes the tact that so far their most frequent use has been in adminis- 
tration, not in fields like education or i-es^rch. Moreover, in countries 
in which these technologies have been introdojced on a wide scale, 
more than half of the financial resources aLlotte<i to thean have been 
albsonbed by the administrative services* 

The four artides on this aspect of our topic em^phasize the role 
played at local and national levels by computers in the management of 
higher ediucation instigations and the evohition of this role from the 
mere organization of simple administrative data to the devising of strat- 
egies and the making of decisions. \ 

Edgar Frackmann's artick? deals with higher education institutions 
in the Federal Repubdic of G<?rmany» The study illustrates the use of 
computers at the local level in the administration of institutions 
(budget, etc.) as well as at the national level, in provici ng the neces- 
sary data for the decision-making process, A new element with regard 
to microoomputers is tnat these can be found on the deslcs of almost 
all administrators, including rectors. These officials regularly tackle prob- 
lems of institutional planning, policy formulation and decision-making 
with the help of the com-puter. Continuing with this line of thought, 
the article also offers a description of the role of institutional re- 
searchers, information centres, and i iformation managers, i 

Although Ari Heiskancn*s arti<le contains an enlightening descrip- 
tion of the whole system of administrative data processing in the univer- 
sities of Finland, it concentrates primtirily on the systems used by 
Helsinki university and their tasks (accounting, payroll, student i-eg-. 
Lstration, study results, student financial aid, student selection, reserva- 
tion of classrooms, space, cMnployment registry, etc.). The aii;ide des<!ribes 
all the student information syscems down to the smallest detail. 

The article by Roland Bouchet of the Kducational Research and 
Innovatioii Centre of Paris explicitly and convincingly presents the ways 
in which unVcrsity adminsitration has changed and is continuuig to 
change information tf^chnologies. The infiuonce of infonnation techno- 
logies is especially evident in the fact that : 1) the intermediary link 
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between user and computer facility has ceased to exis; ; 2) managers 
must now think directly in torms of tho information -.ystem. The new 
information technologies bring with them a certain managerial attitude ; 
they also promote fresh thinking as well as new equipment policies 
and development strateiiles. 

New solutions for effectively improving the living standards of the 
3.5 billion Inhabitants of the developing countries is one of today's 
great challenges. A specific and efficient way to undertake this task is 
to investigate how the international scientific and development community 
might best organize itself to assist the developing countries in using 
computer and information technology to promote progress and growth. 
"Computers need not b(^ confined to the elite — they should be ac- 
cessible to. everyone", is tho, opinion of Mohan Murfasinghe, from the 
Third World Academy of Scienceb, Trieste. His article describes an in- 
teresting project concerning the establishment of a new International 
Centre for, Computers and Informatics to be based on the network 
principle. 
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THE EMERGENCE OF INSTITUTIONAL RESEARCH 

AND THE USE OF MICROCOMPUTERS : 

NEW ROLES FOR INSTITUTIONAL RESEARCHERS 

IN WESTERN EUROPE HIGHER EDUCATION INSTITUTIONS* 

Edgar FRACKMANN 

Hochschul—Informations— System (HIS)** Hannover, The Federal Republic 
of Germany 

Abstract 

New roles for European i istitutional researchers derive from two 
developmental lines in Eurowan higher eduoation, on the one hand the 
development towards a market system in higher education including a 
strengthened autonomy of the individ-uai institution, on the other hand 
the development of information technologies which leud to a widespread 
use of microcompwtera on the campus. ^ i 

While (owitil recently) institutional researchers in European imiver- 
sities hflve rather been admlr.istrative data processing specialists than 
institutional researchers in its true sense, their tasks now combine their 
ability of using computers with real institutional research. 

... .. ^= ..- ^ . ! 

1. Introduction / ' , . 

At the beginning of my papeo" presentation I would dike to tell you 
about the task I got from our convener : "Edgar — the personal com- 
puter and associated softwai>e made a change in our ability to design 
analyses to fit differing individual administrative styles and changing 
dnstitutional conditions. Some of the European workshops have illjustrated 
these applications and perhaps yooi would like to give us a state of the 
art appraisal".' , . 

Whe}} Craig Johnson first tri^ to druw some <-oncltisions frwn tlie 
European AIR-For^, <Johnsoi?i 19p3), he stated an increasing interest of 
institutional research., rs in the use of computers, ooussin^ especially 
on the question of micrcx:omputers. However, this; f iater interest in in- 
formation technology, is only .scarc'^i^y niirr<Jred in the contributions to 
the EAIR-Fora ;;!WheqiCQunting the copt;ributed , papers of the ,AIR-Fora 



— TT 



1 ".'*'PaT>ei* presen-ted atl the l26th Annual Forum of the A,s80ciatlon' for 
Ijostinitional Research, June 1986, Orlando, Florida; 'j ' . " , 
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from 1979 to 1985 I only found 8 of 129 pages dealing with computer 
applications, which seems to me to be an inadequate representation of 
this topic ir institutional research contexts. 

Indeed all of these 8 paper s are dealing with nucrocomputers, which 
could lead to the conclusion i t the new interest in information tech- 
nology on the side of institutional researchers coincides with the emer- 
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Contribu'ed Papers iat the European AlR-Fora on Mlorooomputers c 



gence of mdcrooomputiers. This 1$ *tru(^ far thr American institutional 
researcht^rs, but not to the^aine exU'iit for the Germ^wi institutional 
researcliers for example. They dealt with computers and d: ta processing} 
from the very beginning at tt)e end of the sixties, although I most 
concede that what tliey did was not institutional research in its true 
sense. 

To solve tliis enigma, I would like to ^ 

(l) 'go back to developmental s^^es concerning higher education 
in its political and economical contexts and information techn<?lo^y in 
higher education institutions. . , I - 
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<2) look at the actual situation o" higher education institutions with 
regard to : 

— the emerging tasics of real institutional research ; 

— the microcomputers functioning as decentralized computinL' 
power. 

(3) trace some new tasics for institutionail researcher^ in Europe. 

My paper has of oours<» got a bias towards the German situation, 
but I think .that a similar situation prevails in most of the Eui'opean 
countries. In order to point out the main trends it appears necessary to 
exaggerate or simplify some developments or situations to some extent. 



2. Looking Back to the Roots of "Institutional Research" 

i ■ ■•' ' ' ■;' . 

1 

German ' higher educart;ion institutions arfe state institutions, which 
means that they receive their funds from the states by virtue of the 
law. The federal state has got only minor competences in higher edu- 
cation although it contributes 50o/o'of the money for investments in the 
institutions and tries to 'induce planning ^nd coordination in higher 
e<IiUication on a national level. \ ^ > 

To start with an exaggeration and simplification ; German higher 
(Education , institutions are managed <i.e. plamied and controlled) at t)ie 
slate level. ' . ' ■ ■ -/ 

. I We have to go back to the late sisfties, 'the time of extraordinary 
growth in higher education <i.e. growth of the. number of students, of 
state money, of; positions and . personnel, of investments, and new instd- 
tutions). , , " 

. Due ;to^ttie dynamics (yf growth . the need (or -I i would rather say the 
^desire") -fo^-T planning at the state and federal state level grew accwd- 
ingly, BMt,^n the lack of information for planning, wf s recognized and 
the idea of a national ^fenagement Information System <MIS ; compare 
th^ nnfl^ 9f uie author's institution : HIS) was create. ■ ■„ 

Higher education was regarded as a total system on the nation6l 
level <total system approach). A national data base with higher education 
data should be fed frcm institutional data bases with data on students, 
personnel and positions, space and equij^entfi,. and finance. 

Soon this idea was fixed by law and higher education institution 
wene forced to deliver these statistical data to statistic offices at the- 
statie. and federal state level. : i 

' ^Institutional resGerch"K)ffices ^^te^e created at the institutional level, 
caUed "Planning And Infonmation Centres" ' (PIZ). Their t iPk wa<i 
keep the data bases on ' the institutional level and to maintain the 
cyclical delivery of data to the stat;e level. Their investion marks the 
iblrth of the Germ«n "institutional research". 

Let us now take a closer look on three elements of this systeiiis : 
(1) data bases and decision in akjiig,. (2) institutional researchers, (3) in- 
formation techi^ology. 
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Data Basc;^ and Occision Making 

The data hyses on the institutional level and the statistical data 
bases on the states and federal state level did not mainly operate for 
the sakQ of the institution but for thr '^te decision making. As the data 
were. delivered in pro-structured and in, pre-programmed reports and as 
it also took a long time to -propare official reports*' it turned out to 
be necessary to conduct additional surveys (samples) and investigations 
in order to answer up-to-date questions imoortant fot* specific political 
decision making processes. 

We are proud that today we have Very good, up-to-date and longi- 
tudinal data (and instruments to acquire these data for future needs) 
especially on .students .and alumni, for example on reasons to enroll at 
the university, choice of majors, time spent at university, drop-outs, 
motivations, behaviour, cjQcial data, financing of studies, changing majors, 
career of alumnit etc. . i 

As tihew.fSurv^ys are conduCvOd outside the institutions we must 
concede that th^ .<iat^ is only available on a state or national .basis and 
again proves to be fto^titutional research^ for state decisions.) 

With the growing demand for higher educatiori of a grc^ater .part of 
the youth and wztfe th scarce state finances the idea of ^computer aided) 
models to ^ribanc^ th*? higher education plaunin^y was born, for example 
resource r^Kiuir^meiit hiodels (in Germany) : "Kapaziiatsmodelle", in the 
Uiut<^» States fe. RRPM), cost accounting? models, and indicator models. 

AliV iiiese modols were built up to refZwt thef structures among the 
basiii data element^s of a ^*un,iversity productioii procfiss*^!' ' 

The models Were never usod' in pi'^actice. They failtK? for seveo^al 
reasons (not all reasons are true for yll ynodels) : \ 

ih«y wore initiated the stale level. Univtirsities did not co- 
operate because tihey f^rort to strengthen thie' managing capacity on thr? 
static level and iimiV®mtl»!?fi v/ere not ' Interested in the tran^;parency 
o.? tbeir '*j>rodliction proce^lses*^ ' ^ 

— the <iatfii colleirtion was 1 supposed to -be tuV expensive knd too 
extensive, / .) 

••-^ tb^' models wovM ri^iace, nofc siupport decision making. \ 

In^Jtltutio^id JResemchers ■ ^ 

We now; shoi:ild^ compare the activities of the- German "institutional 
rersearcliers** with the definition of insiit\itio^al i^^eajx^h : ^tns'tiUjitio*i4t! 
reseaircjSi is research cc\ud^wted. by ^ iiwstitutipn af higher, education in 
order to .provide information wnidi supi>ort5i institutional planning, 
•pciicy fonnulation and decision makings. The subject of iDstitv^tional 
research is the individual <x)llege, university, or system, and results 
which have iixiplications bevond .thl$ subjec/t are not yo\xghV\ (Saupe 
mi). , . . 

. x'Ht^ G irmau institvdionaj 'resear<::her^ although J/X'^ted on the inst?- 
tlit'ohai l^vc. i, but pivi>^iring data to bfV delivered to the state Iwel is 
not an dnstitixtionai researolier in the truc; sense of Joe Saupc's defini- 
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tion. Institutional research in Germany does not mean seif-study for 
strategic planning of an individual university. 

Indeed jf the individual institution is managed from the State level 
there ,is neither opportunity for planning and decision making nor need 
of information on the institutional level. A st-udy at the end of the 
sixties on German chancellor's (head of university administration) day- 
to-day activities showed that less tlian 10% of their activities consist 
of "decision making" (Brinkmann, p. 85). 

At the 1985 EAIR-Forum Peter Massen reported about another study 
on institutional research in Europe : "The main image with respect to 
institutional research in tiie field of higher education in Western Europe 
which emerges from our study is th^t institutional research as a separate 
administrative function within higher education instituitioiis does not 
exist in Western Euro]5e '. (Maassen 1985, p. 3). "'The more a higher 
education system in a country tends to move in ths direction of auto- 
nomous choice and market exchange, the more need there will grow 
m that system for the use of institutional research as an instrument 
to measure institutional .performance" (Maassen 1985, p. 7, compare the 
triangular model of coordination in Clark 19S3). 

I have to focus on another activity of German institutional researcJi- 
ers not mentioned before. In order to kt^ep up the data bases and the 
now of data towards the state offices the researchers implemented data 
processing systems at the basic level of the operational activities of the 
university administration. Thus the main task of institutional researcher--. 
Within the university turned out to be the support of rationalization of 
university administration with electronic data processing, the statistical 
data being a by-product of these activities. 

Now I hope the difference I made before has become clear : Ame 
rican institutional researchers are interested in computers us soon us 
computers "provide a really fast and flexible access to data and as soon 
as semi-struct' red decision problems are supported by com.puters (mi- 
crocomputers !). Germian "institutional researchers" have been in touch 
with computers from the first days they took up their wuirk, because 
they maintained administrative data processing. 

Information Technology 

At tlie time ba'mg (Jerman "institutional researchers" are working on 
the third generation of data proeessing systems and information tech- 
nology for tile administration of German higher education institutions. 
To repeat once more : iiifonnation technology does not only maintain 
data t)ases but supports o|X'rational administrative taslts inside the uni- 
versity. 

The first generation can be called the batch-system generation, 
with only centralized computing power and rather unflexible support 
of operational administrative tasks. 

The second generutinn the online-sy.st^mi generation, is character- 
ized by users having llieir own terminals, transaction oriented data-- 
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processing and rcsaltime updating of data files. This generation of in- 
formation technology and administrative software enables the employ- 
ees in the university administration to get their work done efficiently 
and quickly. Apart from this operational support good retrieval functions 
enhance decision making on the dispositional level, for example : 

Within a few seconds the leading budget officer is informed at any 
time about the use of university sub-'budgets (budget control) as weil 
as the personnel officer receives information about actual or futuie 
va< nancies. 

At the moment the German "institutional researchers** lare working 
on the transition to the third generation of administrative computing. 
Wheras the second generation brought the data bases closer to their 
users, the third geneaation of administrative university computing will 
bring the whole computers to their users, to their desk-tops. This is the 
generation of the decentralization of data processing, the time of micro- 
computers. 

The emergence of the microcomputOTS was accompanied at the same 
time by a significant qualitative amelioration of the user interfaces of 
the implemented software-products so that the computer really can 
be on top of everybody's desk. 

Microcomputers will soon be found : 

— in very small higher education institutions for their operational 
data processing ; 

— in academic departments and sub-departments for administration 
and decision making ; 

— in administrative departments and sub-departmonts ; 

— for personal computing at the desk-tops ; 

— at the desk-tops of institutional managers (presidents, vice pre- 
sidents, chanohellors, administrative leaders) with small data bases and 
decision support systems ; 

— in the institutional research offices, 

The throe generation thesis of the data processin;j development in 
higher education on the instituional level shall be summed up by the 
following illustration showing tho link between data processing support 
and the wellkuown decision pyramid : 

To complete the generation model I should mention that accordin^f 
to my opinion the next generation will be called the generation of 
re-Integration. One of the integrative functions will focus on the inte- 
gration of office automation and data processing. I will come back to 
this problem later. 

3* Tho Emergence of Institutional Keseaj^ch i 

\ 

The devcJopnent of infoiTnaiion technology and the software sup- 
port of CJerman "institutional rescarch/^r:/* might lead to the microcom- 
puter and the affiliated software produ<'t^^ being on the desk-tops of pro- 
sidents cuid dn the institutional research office. But so far' neither tue 
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DECISION LEVEL For Example COMPUTER SUPPORT; 
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GENERATION 

Fig. 1. 

The Three Generation Model oi Data Processing 
in Higher Kducation Administration 
(Institutional Level) 



jpresidont's nor the institutional researchers* need of microcomputers for 
decision support and decision making have been explained in my pre-- 
sentation, because w^hen universities are managed by the State, man- 
agement information is not necessary on the institutional level 

To stress my thesis of the emergence of real institutional research 
m German higher education institutions I have to trace another line of 
<i( /elapment, which I want to call the changing political, economic and 
societal environment of the higher education institutions. 

Let us call the first phase of this development the expamion phase 
and start our consideration again in the sixties (end of the sixties begin- 
ning seventies). This phase can be characterized by a lack of financial 
problems in higher education. It was unproblematic for the politicians 
to justifity that more and more money had to be invested into higher 
education. Young men and women were even encouraged to enroll at 
universities by financial and educational means. It was a time of im- 
mense planning efforts on the state and federal state level. 

The second phase might bo called the efficiency phase (beginning 
seventies to midth of the eighties). As soon las tht demand for higher 
education exceeded the capacity of higher education institutions, as 
SQon as the state funds for higher education proved to be limited, the 
states tried to introduce the idea of efficiency in higher education 
institutions. The models I mentioned can be regarded as state efforts to 
shed light on the higher education production function under the aus- 
pices of efficic»ncy. The electronic data processing systems located in the 
administration were of cour.se helpful for the universities to enhance 
their efficiency. But if we rememlx-r efficiency being th^ relation bc^- 
tween input and output, and higher education output not buing easily 
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quantifiable, efficiency turns out to be an activity ol reduction of state 
fund's input into higher education. 

Indeed a .'^lative reduction of state funds in higher education has 
been observabre since the days of expansion in higher education, al- 
though the enrollment figure did not stop to increase until now. But 
today higher edixcation institutions have to face two additional chal- 
lenges other than financial problems ; a slow but probably soon ac- 
celerating ernoUment decline due to demographic trends and perhaps 
due to labor miarket problems, and a public opinion which does not 
. leave the universities' performances unquestioned. 

We can conclude that now a phase is reached in which higher edu- 
cation institutions have to care for their own s-urvival (ranging from 
cure of illness, to mere survival, to strive for excellence (Cameron 
1984). I call this phase the effectiveness pliase, and regard a higher 
education institution being effective as far as it attains the goal of 
survival in the sense mentioned aibove. 

The three phases can be differentiated by the question of whether 
the main activities lie on the state or the university side : 



PHASE 


ACTIVITY ON THE SIDE OF 


ACTIVITY 


EXPANSION 


STATE 


INCREASING FUNDS FOR 
HIGHER EDUCATION, 

ENCOURAGING THE YOUTH 
TO C TO UNIVERSITY 


EFFICIENCY 


STATE 


MODELS 
CAPS 

FUND DEDUCTION 


EFFECTIVENESS 


HIGHER 

EDUCATION 

INSTITUTION 


SURVIVAL 

(CURE FROM ILLNESS, 
MERE SURVIVAL, 
STRIVE FOR EXCELLENCE) 



Phases of Hi«hor Kducnllon MnvironnKMiliU Situation 

1 should add some tnnro traits of the c>ff(^ctiv(^noss phaso : what wo 
find in the German situation is a .slight tendcMicy of the states to give 
more autonomy to the institutions : 

laws are changed to foster the spending flexibility of funds on 
the university side ; . 
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'■ — the allocation oif budget cuts are left to the institutions' own 
dascretlorf, ; 

— the idea to give the universities the right to choose stuxients 
by'.,aniversity4.speici*'- admission criteria are di!scussed ; 

•i'*-^. discussions ^to '^introduce" competition into the university system, 
are 'Initiated. 

If this direction of changing patterns in higher education continues, 
a reverse shift of management, decision making, need of information and 
decision support wili occur : ■ ,■ . , , 



shUt of 
nuMgcment 
nctivltie* 





A 



decision 
making 

oompetefice 

and 

need of 
information 



Higher Education Institution 

Fig. 3. I 

Sliiit of Mlanagment ActMtles in Hlgher Ediication ' , 

On the side of the individual ajjiiversity ,new problems wall have to 
be solved : 

identifying the institution's spe<;ific rolje axi^ mission ; 

— finding the market niche ; ' ' t , 

— self-evaluating the institution's performance ; 

— setting priorities in fund allocations ; 

— aiming at the survival of the whole .university ; 

— enhancijlg .public (relations. 

The time, has come for institutional rw!arch in its true sense to 
support these management activities. Indeed, German university man- 
agers started asking for the support of institutional researchers to foster 
this kind of institrutional decisions. 

4. New Roles ior Institutional Researchers i 

As a result of the before^aid, we have to take the following two 
fact3 into account when considering the new rodus for German insti- 
tutional r-^-searchers : 

(1) the emergence of institutional research in its true sense as an 
activity to emhance insUtuUonal planning, policy formulation and de- 
cision ujaking ; 
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. <2) .the idlistributiion of. data pix>oessing capacity with the widespread 
existence oi microcomputers and comfortable software within the uni- 
ymlty,.: i. ..... • .... 

The emerging activities of German institutional reseamhers will 
'l)e a consequent continuation of their concern for the use of computers 
in higher education institutions. Six tasks of the institutional r-esearch- 
era ca^^ be identified ' ^ ' . . 

The Original Institutional Research Task i 

With the emergence of the need of real institutional research the 
original instituional research tasks have to be fulfilled, which can be 
briefly characterized as follows : 

— **self-study'' of the individoaail institution ; 

— •^market analysis", focussing on the environmental conditions of 
the individual institution. 

I need not say that these tasks are not fulfilled sufficiently by 
maintaining the administrative data bases that are now mainly 'Used 
for int^^rnal purposes instead of being delivered to state statistic offices 
at the same time. 

Special investigations have to be condoiced, as well as self-evalaia- 
tions of institutional performance, institutional goals and fojinctioning 
studies, ftd\K?ational outcomes studies etc. in order to support ad hoc and 
strategic decisions of institutional managers. What makes the difference 
for institutional researchers' situation "now comrpared with former phases 
is that thpy have to look beyond the bounderies of their individoial in- 
stitution, they have to condiuct foUowup stuuies, look at regional demo- 
graphies, local images and public relations* 

The Informatlonl Manager I'ask 

The inff>rmatiori manager task of instiitutional researchers derives 
from two facts ; . 

(1) To the same degree as the individual institution receives more 
autonomy from the statv^ it has to find its own way of positioning within 
the ' higher education market, or more general : environment. Tho 
instiiution has to consider itself as a whole unit. The object of research 
is not any longer the student, the equipment, the '.personnel on its own, 
but in the institutional context. The object of research is the institution 
as a whole. 

(2) With the microcomputers being distributed all over the campus 
and with a decentralized data processirg the advantage can be attained 
that much more data arc available on computers (which means com- 
fortable i^etrieval), but to reallv get these data for central decision mak- 
ing and in'iegrated decision support the obstacle of decentralization of 
data has to be .removed. 

Exactlv this is the task of the institutional researdier as an infor- 
mation manager to transform Hie decentraliijed data into integrated 
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management information for the institution as a whole. He "serves the 
institution by idenitifying, clarifying, informing and coordinating key 
institaitional decision" (K^iegibaaam IftftO) (Delqney 19«5, .p. 10), 

J The information managei knows where to get the relevant data files 
on the campus, he/she is familiar with the retrieval problems on micro- 
comipulers and mainframes^' . f . r 

The Information Centre Task 

Ehd-^sers of informat^.on technology, especially microcmputer-wsers 
wiil provide for their own computer applications. Gennan institutional 
researchers are traditionally skilled in computer teohnolpgy and they 
Vaow very well the basic problems of higher ediucation administrative 
tiepartments. i . 

With the information center task, the institutional researchers 
have"'tc ' . ' 

— help tJhe end-users at the operational as well as at the dispo- 
sitional and strategic level of the ^university administration to oise their 
(micro)-computers by 

• counselling at th« stage , of purchase of micrpopmputers , 

• teaching the use of standard software and high level programming 
and retrieval languages 

• teaching the use of hardware and operation systems 

• providing orototypes of applications v 

— guarantee the integrity and actuality of data on :the campus 

— kee;p lup a valuable data dictionary for all users 

— avoid redunclant applications. 

. (Martin 1985, p. 14^1/2, Schlemm»er 19{W) : 
I joist want to repeat, what Berhard Sheehan stated at the Portland 
Forum : **It may well be that the path to institutional research promi- 
nence in decision support management will include apprenticeships as 
an inforan^tion penter". (Sheehan 1985) 



The Decision Support System Task 

One of the microcomputer user groups will be that of the decision 
makers within the liigher education institution, that is the president, 
the vice presidents, the chancellor and the others. Some of them will 
have their own dt>cision support systems and small data bases on their 
microcomputers, others will not use microcomputer on their own. 

For those not having microcomputers at their disposal the In^titu-. 
tional researchers ' will function as the us^rs of the decision support 
systems and the demonstrators of the results (compare Johnson and 
Tuokman 1985). 

For those decision makers who use microcomput<?rs on their own 
the institutional researchers will have to y>rovide for the small data 
ba&es and the integrity and actuality of the data. 
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Support d<>es not only imiean data and information, but also use of 
data» that is "modelling'^ in the context of decision support systems. Thei 
decision n»aker will not vse the Tndcrocomputer and the software unless 
he/she is able to use \t ^ike paper, .pencil, scotch tape and calculator. 
"The user ojf the DS6 must be camfortebble with the system — both 
conceptually and technologically". (Silver 1982) ; ^ 

The institutional researcher has to 

— teach the decison maker how to use the hardware and the 
software 

— prepare the user interface of the software, ^that it ds compatible 
with the thinkirig style of the decision makeP (Mayo 19fi4). 

— develop formats of reoutring questions ^ind problems to be 
solved {Johnsion 1983), 

— find out new decision support software that fits best to th^ per- 
sonal style of the decision makere and the problems to ibe sdlv^^sA 

The more decision makers ojse their own hardware and software, 
the more: institutional researchers are facilitators an4 consiultants and 
the; least programmers (Keen 982!). 

The Institutional Research Itiformation System Task 

One of those to profit from decentralized oompoiting power is the 
institutional research office il^self. It will use its own computer or'mioro- 
computer. Tlie institutional researcher will have four tasks to fulfill with 
their own computer ; / 

— using statistical software packages to support their empirical 
investigations and surv^^ys 

— maintaining longitudinal data from cyclically conducted investi- 
gations 

< — maintaining data bases derived from the instituional administra- 
tive files I 

— maintaining data bases on data of the institutional environment. 
The Office Automation Task ^. 

The last task I want to mention seems very essential to me. It 
suggests the institutional researcher to support his/her institution to 
step into the next generation of information technology, the generation 
of re-integration of d^ta processing and automation. 

What is true for campus coni,piitirig, is true for decision makers in 
the university as well : "Siiice most of the work in colleges and uni- 
versities deals with words and im-ages, not numbers, the gi^atest future 
growth in computing will be in support of individuals who have not 
been represented, in the traditional community of computer users'\ 
(MoCredie 1982) To translate this statement into the president's case : 
For his decision making the president doc^ not only need' "numbers" 
from inside and outside the university, what he needs for a decision I 



292 



• < E. ITKACKMANN' ' . .... r-.i. 

J 
I 

wbuld like to call a' «»bundle of infomiation packages'\ that is for 

— memos he has written several weeks ago 

/ ' — memos another pierson has Written evien a year ago 

— a letter from the state ministry 

— a special part of a state law 

— a proposal from a faculty, metmtber i - 

— an article fftthi a riewspaper 

— or even a paper from an AIR-Forum, that might' be found in 
th^ umv€frsity*s record-office. ' < 

.^hiit he mi^ht n^ed in ^^^ditipn is to deliver this information very 
quickly to other persons In^de, the. .university or get it mixed with 
mumibers and own comments, etc. " 

I think it is not quite sure how these ph>blems can be solved by 
office automation technology for all the mentioned details, but it is suire 
that office automation will support these information retrieval and 
dissemination tasks by any rate. Anyway, institutional researchers 
should try to find the path to integrate data and office automation as 
soon as information technology allows. 
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THE STUDENT INFORMATION SYSTEM OF THE UNIVERSITY 
OF HELSINKI 

An HEISKANEN 

University Qf Helsinki, Finland ' 

! 

' > ! 

1/ Introduction 

This paper contains a short description of Finnish universities anid 
theix ^idministrative.datft processing systpms, and a more detailed 
description of the student information system of the Ujiiversity of 
Helsinki. Description is made based on several written soupces (see the 
list of references), most of which are not printed, and personal expe- 
rience of the writer gained during the l980's. i 

The aim of the paper is to describe th€( "state-of-the-art'*, evaloiation 
is nearly absent. 

2. Finnish Universities 

Finland currently has 20 iiniversity level institutions of higher 
education widely spi^ad across the country (see Table 1). The number 
of teachers is about 7,000 and other personnel number 10,000. The annual 
enrollment of new students is about 12,000, which is about 17 — 180/0 
of the age group. The total number of students is about 90,000. The 
^university of Helsinki is responsible for more than 25Vo of all stivdents, 
and for mare than a third of postgraduate students. 

The roots of Finnish universities can ibe traced back to 1640 when 
the Academy of Turku was established as the easternmost university 
of the Kingdom of Sweden. After Finland had been incorporated into 
the Russian empire as an autonomofus Grand Duchy in IWO, the Aca- 
demy was transferred to Helsinki in 1828 under the name of the Imperial 
Alexander University. In 1917, after the Declaration . of Independence, 
it became the University of Helsinki. 
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Table 1. Finnish* institutions of higher education [2]. , 

• '■ FioW' of studied ' . ■ Numl?er of * . . 

, students (o/o) 

Ideology ; ' , i .i j g 

• Tho humanities ' , * 18.5 

Law ^ 4.5 

Socihr sciences ' 10.2 

Kconomics and business administration 10.4, 

Psychology , . .1.3 

Fxlucatlon ' 9.I 

The natural sciences 14.7 

Agriculture and forestry 2.9 

Physical education 0.6 

Engineering and awchitectuie 16,8 

M^icine 4,0 

. Dentistyy 1.2 

Health adminisftration , , 0*4 , 

Veterinary medicine 0.3 

' Miardiacy ' . 1.1 ' 

Industrial arts . J,0 

Music * i i 

Theatre and drama 0^2 

TaUe 2. The dlatrlbution of students among varioufi fields [2J. 
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r i; The instituttonJs' of hi^er education ar«! under the direct super- 
viSibn ^of ' thfi 'lvlinisfljry i.of 'Edwa (see Figure 4). They are all state 
institutions, but each of them ihas an internal administration with 
^autonomy in internal affair^. The autonomy of the Universiiy of .Helsinki 
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:l:"J^«v •l.''nie .administratk^ of highegr ^ucation a^d reseainoH in Finland [2]. r, 

is defined. in the Finnish constitution. The Council for Higher iEklucation 
functions as an advisory expert body and consists of the representa- 
tive? of universities. / 

The model of un|versity jfiternal administ^-ation has been developed 
gradually over the years. The University of Helsinki and the Helsinki 
University of Technology are the only institutions where the old adminr- 
istrative system With all formal authority for decision making in the 
hands of professors is still i-etained. In other institutions also other 
teachers and other staff as well as students are alloyred to particiipate 
m the administration. 

The State is the main source of finance for the institutions of higher 
education. Funds granted by the Parliament have been regulated by the 
Act on the Development of Higher Education. The Ministry of Education 
supervises the utilization of these funds and makes annual budget 
proposals, to the Government. These projX)sals are based on proposals 
made by the institution? themselves and on the opinion ©f the Council 
of Higher Education. At the Ministry of Finance, the proposals made 
•fr6m all ministrtes are combined ihto the National State Budget pro- 
posal, whi<Jh is ^finally api»oved by the'I^^ri^^ 
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The experiditui(« on higher education is slightly over 20/0 of the 
State Boidget and ' .roughly W/o of the Budget of the Ministry of Edu- 
cafeion. This means about 2,{M)0 million Finnish marks. 

i' Developing the resouv<?cs of higher ediication has since I960' ies 
b(?ei3L h^Qii m an Act. To secure rational and planned development of 
resources, the Government decided in September 1986 to increase tho 
central resqurces.of the unive^^iti'ss allocated |o research ^iid postgrad- 
uaite training try" I5o/o real value annii^illy l^tWeen 1988 and 1991. 
I 

f 

24« The AJministratiou of the Universit;)^ o2 Helsinki ' 

i The highest authority of the University is the Chancellor who is 
appointed by the President of the Republic for a five-year period from 
^mong three candidates noniinated by the prof estiors and the associate 
professors of the University. During several decades, fozuner Hectors 
have been na:ni5)ated as, the Ctiancelior. 

The Large Senate, a body comprising all the professors, the Small 
Senate, a cojlegisl boifly of di^ms and vi-^^e-deans of the faculties, and 
the Reictor ane in charge^f the wtml administration. ' 

The Rector pi^ideis over the meetings of both the Senates. Tho 
Large Senate haridjes only special large-scale matters like legislation 
concerning the Univerisity. ^ 

The organ preparing and executing matter,s connected ^yittl univer- 
sity administration is the Rector's Office, headed by the Hector and the 
Director of Administration, Thte office is divided into a General Section^ 
an Econ<:mics ^Section and a Technical Section. *rhe General .Section 
is made up of the Administrative Cffice, the Office for Study Affairs, 
and the Actuary's Office which is responsible of the student information 
system an a user. 

The faculty is the basic <unit of administration of the University. 
Headed by the Dean and the Vicedean, the ' professors make-up the 
decision-^iaking bodies of respective faculties, Faculty secretaries;! and 
study secretaries are the leading officials of the faculty. 

The Department <or Institute) is the basic administrative unit for 
teaching and research in qne or several subjects of study or fields of 
research. One of the (full) professors of the department is the head, and 
there is no official department council. 

The adniinistration of the University will probably soon be reformed 
and all personnel groups and students will tiave their own represen- 
tatives in. the decision-making bodies/ 

University of Helsinki 1986 

' The total enrollment on May 31, 1986, was 25,437 (including ca. Wo 
women, M,&83 Sw^dish-spcakiftg and '492 foreign students). / 
' During the period June il, 1085 — May 31, 190P, totally 2,320 
dergccs were completed, out of which 130 were doctorates. 
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There are altogether M55 tew^hinjj i>osts, le., 
. ' 434 prof essor? und ^f^sistant professors, 

312 lecturers and other twaschers, 

609 assistants. 
There are 1,275 d(y.^nts. 

Other staff : Researchers 70, auxiliary teaching and research staff 
869, library 278, data processing administration 57fi, maintenance 
«88, other 217. 

AdrrUnistration 

^Chi^ncellor : Nils Oker-Blom 
Rector : dli Lehto 

Vice Rectors : Risto Ihamuotila, Johan Wrede 

Administrative. Director : EUsabet Helatxder (Jan* 1, 1'987 — ) 

Great Senate : all professors (234) 

Small Senate : The Rector, the Vice Rectors, the Deans, the Vice 
Deiins. 

Deans : Kalevi Tamminen (Theology), Mikael Hiden (Law), Pentti 
Rokkanen (Medicine), Yrjo Blomstedt (Arts), Antti Siivola (Science), 
Pertti Kansanen (Education), Olavi Riihiuen (Social Sciences)^ M-atti 
Nuorteva (Agriculture and Forestry). 

Premises ' * 

The University premises are spread at oa. 60 different locations 
in the city : out of these albout 20 rented. The total space occupied by 
the University in the Helsinki area is oa. 1,600,000 m^ (including the 
88,0QO cm^ of the rnain building). Outside Helsinki there are ^ teaching 
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and research instJtutes with |M*emisses totailihg 170^000 m^. Th^ teaching 
and experimental fanns have field and woodland at their disposal : 
Viikki 400 ha, Muddusjarvl 1,000 ha, Sultia 480 ha. ' 

^ .Fjfiances ^ - . ^ 

in the national budget for 1986 the allocations of the University 
amour.ted roughly to 593 million Fmk, out of which salaries accounted 
for 67Vo« Additional research expenditure amounted to H ^million Fmk 

(Publi<? Relations Office) 

di The State of the Art in the Administrative Data Proceissing in the 
Universities of Finland ^ : ' 

The stage and scope of the use of EDP in the administrative 
routines varTeji g]reatly arttong the Finnish univiersities. There '^re a 
couple of n^tioiiwide systefns fused* in many universitifes, While other 
systems ate individually developed for one university only. ' 

In Figure 3 there is a gener.^ 'overview about the situation. The 
accounting system is the only remarkable system that is common for 
wie most of the universities. The reason for this is quite straightfor- 
ward : there is a rule given by the state government that the common 
system must be used. 

The student information systems ar^ unique ohes in each univer- 
sity. There has been some ^att^pts to iadapt a funiotionirig system from 
one unit to another, but results have been poor. 

Nationwide centralized systems use the machines in the "state 
computing centre and Postbank which is owned by the state and has 
official position in the fund transfer systems that is used in accounting 
and payroll systems. 

The machinery and system software is quite varied in the computing 
centres of Finnish universities. These are several VAX : es by DEC, h 
couple of UNIVACs and IBM-type mainframes. The machines used in 
administrative purposes are typicaliy the mainframes of the ^universities, 
but several universities have also computers dedicated only for admin- 
istration. However, there are no administrative computing centies in 
Finnish universities, butiadministrative EDP is normally handled by the 
same computirig. centre that takes care of the educational and researcli 
EDP. ' ' 

A couple of universities use also .privpte firms for their administra- 
'tiv>e EDP-services. | 

The. planning? staff ^of administrative EI>P varies between 0.5 to 
about 10 persons , er university. The total amount in Finland is 20—^30 
pei'sons. 
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Pig. 3. The nature <xf the admin strati vo EDP systems in different universities 

In Finland ^5]. 

Explaiiatdon of altemaUvds , 

1 — Naitionwide system in use 

2 Natiocawide syf^tem in planning phase 

3 — Unlvejfsity'fl own syfiitem in use 

4 — Unlvierslity's own system iai planning phase 

5 — No EDP system In use or in plane 
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. A i 4. Administrative EDP in the University of Helsinki 
. ,4.). Organi9(ition 

The formal organisation of the university of Hdsinki in tl^e figure 2. 
EDP affairs are disoussed in the EDP council headed by the Rector and 
consisting of "EDP-active" professors (8), Director of Administration, 
the head of the conipiuter f^n,tre, one sect?ion chief irom the Bector's 
Office and the chief data processing officer (EDP chief) of the Rector's 
Office, The EDP council is mainly a fprur-A for discussions, and decisions 
are made according the normal line organization. EDP council has about 
foiur meetings per year. 

Administrative BDP is lead by' • the administrative EDP leading 
group consisting of the Director of Administration, section chiefs of the 
Rector's Office, the head of the cbmputtng ^centre, head 6f the planning 
office and the EI>P-<:hief of the Bector's Office. EDP leading group has 
aibout ten meetings per year. 

In addition to these bodies there is a "wojrking group for adminis- 
trative EDP" whose members are 'the 'heads of each office of the offices 
of the rector, secretaries of the faculties and some o'ther prominent 
persons in administration. This group is mainly a discussion fonum and 
information channel. This body has five to eight meetings per year. 

The annual 06sts of administrative data processing are about 3 
million Finnish marks. This figure contains the costs of servides paid 
to the State Computing Centre and Postbank for payroll and accounting, 
and also th^' maintenance costs of the eq<uipment and systems software 
but not the wages of the EDP personnel. The purchasihg of equipment 
per year is £tbout 400,000 FIM, excluding the basic purchase of the 
VAX-11/780 (see section 4.3). , < 

4.2, Personnel ; , : 

The Data Processing - Office (about five persons) in 'the offices of 
the rector is responsible for the development of systems and software for 
administrative purposes. In the case of nationwide systems (paymll, 
accounting) the role of this unit is minor, merely coordinating. The 
computing centre uses about four person years per year for adminis- 
trative BDP, half of which 'is data entry, startin^g of runs ari<i computer 
opernt'nn ■". ■ ■ ! ■ ■ , 

by.uims planning is a .part-time duty for several workers in the 
university administration. Now about twenty persons asre Worlting (part 
time) in the projects going on. . • , 

4.3. Hardware 

The University of Helsinki has used Burrooighs mainframes over 
fifteen years. During this year Burroughs B78O0 is replaced by a cluster 
consisting of VAX 8300 and VAX 8800. Administrative applications are 
transferred from Burroughs to VAX-11/780 which was j>urchased for 
administration in March 1986. 
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University is building quite a ^comprehensi ve data transmission 
network along the installation of the VAXes. The network will consist 
of several local area networks connected by bridges. Thus we will have 
to the end of this year an ETHERNET linking together most of our 
institutes yith nominal speed 10 Mbits/sec. 

5. The Student Information System of the University of HelsinKi ' 



1. the student selection system 

2. the centralized student information, system — the student regis-, 
r *er — run by the Actyaiy's office 

3. the department level student information system 

The main focus of this paper is in the second subsystem, but the- 
other ones are also discussed. The connections between these systems 
are described briefly, top. ' 

5A, Stakeholders 

Several organizations and groups of people need the infonnation 
stored in the 'files of the stiident information} system. The im,portance 
of the systein. is constantly growing, becaui^*^ of the trend to ose also 
exact information of study results etc. when evaluating the activities 
of the universities. The Ministjry of Education has launched a i>rocess 
iXi order to establish a rational procedure for thf evaluation. 

The principal intressents of the student information system are (see 
also Figure 4) 



teachers and administrators of the university of Helsinki 
students of the university o| Helsinki 
Ministry of Education 

the State Centre for Educational Grants and Loans 
the Statistical Central Office 



The information products made from data in the student regis- 
ter are the regularly ^>rinted catalog of students and the statistics in the 
Statistical Annual of the University of .Helsinki, several reports and 
listings of various kind for student organizations etc., and excerpts from 
the study prestations for student, e.g. for application of jobs and finan- 
cial study aid. 

Student information statistics are used in evaluation and planning 
the functi<ms of faculties and institutes. Main source is the above men- 
tioned Statistical Annual, but in addition to that on every semester a 
less comprehensive publication is produced. Also several aJ hoc analyses 
are performed. , . 



parts : 



the student information system can be divided into three disjoint 
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, The statistics contain information, e.g. about ; 

the amount of students in different faculties and departments 
.tli£ amoiunt of studies poirsued in different departments classi- 
: fied according to various criteria . 
the amount of examinations classified according to the field 
of science, faculty, institute and principal subject matter. 

The Univensity itseQf and the Ministry of Education peed partly the 
same information in evalxiation of the activities of the University. The 
principle clearly announced from the ' Ministry is that the University 
should evaluate its own aotivities. In this respect, the fallowing statis- 
tics can be used in addition to the above-mentioned ones : 

the information about Studies in minor subjects 

interruptions of studies 

how long the studies for various degrees take 

duplicate cduca<tion . ' 

the intensity of studying 

the age distribution of the graduates. i 



students 
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Addin?ss Information' 
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Fig. 4. The intressents of student information syjjitem [0], 
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The Ministry of Education has established m aggregated statisti- 
cal data base about the activities and degrees passed in all the univer- 
sities in Finland, The so-called KOTA data base (KOrkeakoulujen Toi- 
minnan Arviointi, Evalution of the Functions of the Universities) 
is run by the State Computing Centre on a VAX 8600 owned by the 
Ministry of Education using jthe SAS software. 

The State Centre for Educational Grants and Loans needs informa- 
on concerning the conduct of sjtudies in oi'der to make decision of the 
discontinuing the aid because of graduation or interruption of the stud- 
ies. The Centre has its own EDP register which obtains data in mag- 
netic tape from the files of the Univorsity. 

The Statistical Central Office makes national statistics about stu- 
dent information. It uses its own EDP system for this purpose, and data 
is [transferred to it from University files using magnetic tapes. 

5.2. The Student Selection Syfstem 

The procedure and data processing system according to which the 
faculties take their students varies between different faculties. 

The faculty of theology uses a micro computer based system pro- 
grammed with dBase III. The system in run by the office of the fac- 
ulty. Input data contains social security number, name, address of 
the applicants and points obtained by school reports and enjtrance tests. 

The faculty of law uses a nation-wide system run by the compu- 
ting centre of the University of Helsinki. The system has quite compli- 
cated algorithm to choose the students containing e.g. quotas for various 
groups. 

The faculty of medicine has developed by ijts own personnel a sys- 
tem run by the Burroughs B7800. 

The faculty of arts uses a combination of microcomputers and Bur- 
roughs. Micros are used for data entry and Burroughs for sorting out 
the students to be selected. 

The faculty of science has produced by its own s,taff a mitrocom- 
puter system with dBase III for the election of students for mathema- 
)tics, physics, chemistry and data processing. Students for biodogicail sub- 
jects are selected using a national joint selectibn run by the computing 
centre of the computing cenitre of the University of Jyvaskylii. The 
students for geography are selected by manual methods. 

The faculty of education has used manual system for Ithc student 
selection, but it is planned a microcomputer system for this summer 
to be used in several branch subjects. The class teacher students are 
selected partly with a national system. 

The faculty of sociial sciences will use its traditional manual sys- 
tem at least this summer, but plans are prepared in order to make an 
EDP system. 

The faculty of agriculture and forestry has until now used a Bur- 
roughs system, but it has hired an EDP analyst in order to get a ma- 
crocomputer system to be in use this summer. 
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As dt is eviden}t from the description above, the procedures and 
technical solutions are quite varied. There is no direct link between tho 
selection data system and .che centralized student information system. 
The possibilities to use the data in the selection systems also in jthe cen- 
tralized system will be studied to the end of this year. The historical 
reason not to use the seilection data has been that ,there was too little 
common and valid data between tthese systems to make the data trans- 
fer prof italde. 



5.3. The Centralized Student Information Systenfi » 

5.3.1, Functions 

The functions described in this section are pertinent to jthe system 
currently used: The main" functions rremai»n principally the same wi,th 
the new system to be implemented this summer; The system is used 
by jthe Actuary's office, and at this moment' there is no other unit 
using this system by terminals. The information flow between depart- 
ments etc. and the A<^tuary's office takes place wiith paper forms. 

The centralized student information system can be divided into 
soibsysjtems as follows. 

1. The base information system containing personal data of the stu- 
dents and their study rights. This subsystem has following subfunctions. 

1.1 The enro>llment. of new students 

1.2 Registration of the study rights acquired by the students 

1.3 The annual registration of students pursuing their studies or 
being absent from the university 

2. The system for processing the study results / 

2.1 Registration of rei>ults of the examinations 

2.2 Registration of results of tho examinations 

2.3 Registration of degrees and their contents with indiividual 
students 

3. The system for producing reports of list-type 

4. The system for producing statistical tables. 

5.3.2. History 

Tho technical solution for processing student information has 
changed several tiimes during the history. The following main phases 
are relevant in this context : 

J. Totally Manual System 

This system was bii%>d on huge books, where was written 

date of admission, name of the stu.en;t (signature writt<Mi by 
the student hirn/herself), degrees 'passed, mariital status, date 
of birth, name of the school of the matriculation examination^ 
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grade of the matriculation examination, father's' name and 
occupation^ stuidents' union, and faculty. 



Lateif, as the studies proceeded, the information about degrees tak-n 
on by the individual students and information of removals frorn the 
student catalog were added beside the originial data on the pages on the 
enrollment books. The students were idenltifiled by the serial archive 
number .printed on the marginal of the book where the student infor- 
mation was written. The serial numbers were unique for each year. So- 
cial scurity number was taken into practice at the beginning of the 
1960 'S and it could not have been used earlier, naturally. 

The products of this system were quite limited, but the so called 
degree diary was made by this informaition. 

2. First EDP System 

The processing of the basic student data was partially automa- 
tized in the middle of 1960's, and the first EDP system was installed 
in 1965. The system was fun on the IBM 1620 equipment which had 40.000 
decimal digit core memory, two 2.6 MB disk units, card reader and line 
printer. 

The system was a typical smail batch application centred around 
the student information fiie containing 



the year and serial archive number (key data), name of the 
student, date of bittth, sex, native commune, mother langixage, 
citi'zenship, date of matriculation examination, grade of matri- 
culation, school, code, address and phone number, students* 
union, faculty, branch of studies. 



Programs were made in SPS (Symbolic Programming System, an 
assembler-level programming language) and FORTRAN. Main products; 
were the student catallog and various staitistical tables. 



The IBM 1620 was replaced by Burroughs B6500 during the year 
1970, and the student information sysjtem was programmed for the new 
machine iilso. The data in thr student file (ACTRE, Actyary's register) 
was enlargenod ,to contain also the grades obtained by the students. The 
system was still batch oriented. \ 

Programs wore made in COBOL, and the main file was a serial one 
with fixed length records, one per studen^t. Some direct access auxiliary 
files for example containing codes were also established. The software 
evolved gradually during the 1970's, main efforts being directed to the 
producing of a more comprehensive sot of reports and statistics. 

4, Second Bur roughs-!>y stem i 

Because of the degree reform performed during the 1970*s the 
fixed length record format became infeasible in the b(?ginning of the 
198p*s, and the file structure had to be modified to contain mora 



3. First Burroughs-System 



.308 



ERIC 




A. HEISKANHN 

Study results. This was done by changing 'the' main file to consist of 
variable '' length records. The varying Component was to hold the 
varying aJnount of study results ^per studettt. \ ' ' 

Tlifi inflexible structure of the softwai^ and file made it neces- 
SQjry' to make several amendments ' into the system. In addition to the 
seri;^ main file -a direct access file was installed. It was based on Bu- 
rroughs 'data base management software DMS-IL The direct file 
(DIRECT ACTRE) was created from the ba,tch updated serial • main 
file, and it was used for small queries and as a starting point of pro- 
duction of statisjtical tables and reports. : ' 

The registration of new students in every autumn irito the batch 
register demanded a lot of **taylpristically'' divided rqutinework. In 
order to alleviate this i procedure an on-line subsystem was creajted. It 
vsed DIRECT ACTIVE when checking if the data of a new student to 
be register^ed already existted, ^perhaps rn a different faculty. After the 
registration was completed, the content of the online file was trans- 
ferred to ACTRE. . 

The produc(tion pf statistical tables from ACTRE was based on a 
system where DIRECT ACTRE was used as a starting point. By the 
help of COBOL programs a. lot^ of files containing record^ to be tab- 
ulated were^textracted from DIRECT ACTRE to magnetic tape and 
transferred to the state comiputiin,fe centre, ^Vhere the tables (aboujt 900 
pages per semeste^ Were made by a statistical program package 
especially suitaible for this kind of work. 

5. Current VAX-System < 

. « The use of the new system will start during June this summer. 
T*he basic softw^e on VAJt-ll/780 will be in full operation in the 
beginnioig^ 1988, when the subsystem for re^iorts and statistics ^ is com- 
pleted. iTie 'strud;ure of jtlie current system is explained in t'he next 
section.' < * y ■ . 

V 5.3.3. ynformat:on Cojntepjt of the New Student Register ^ 

The student data base is , organized . according the relational data 
model. The concepttual model w»£^ achieved in a planning process du- 
ling which the informatiion architecture for the administration of the 
university was formed. The data base consis^ts the ; following ta- 
bles (some auxiliaiy tables are omitted for brevity). 

Basic Student Data . i 

Table contains one row per student identified by her/his social 
security number. Data fields are : v / V 

students name, social secoarity nunibor. address, sex, home 
comrauniiy, starting date in the university,.. • 
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Study Rights of the Students [ 

This table contains infomation of the degree programs which the 
students are allowed to participate. Data fields are : \ 

students Social security number, facfudty, degree progriim, al- 
ternatitve course of stuOy, dates when righjts are obtained and 
' data about the way how this pm*ticular right was obtained. 

study Performances of the Students ^ 

The table contains information on those study units that the student 
concerned ha^, passed., Data fields are : | 

students social security number, code of th? study unit, date, 
am'>dnt of credits Earned by this unit, teacher who has 
. accejjjted the iperformailcfe, grade of the performance, data con- 
^ ceming the examination where the performance is Originating. 

The Structure of Students* Performances 

The tablcr contains information how study perforipance are blocked. 
There is one row in, the table for the fact that a stu<j^ent has tied 
one study performance to a ocjrtain block of studies. This table is i;iec^- 
sary because there arc too many relationships^ between, study per- 
formjances and the blocks of studies. Data fields are': 

students sociial security niumber, code oi the sftudy unit, code 
of the block of studies and date when the connection is made. 

Data of the Course Examimtions \ 

The study r^lt^'oan t>e i>rocessed according to two' criteria : one can 
obtain all study results of. student, or ,all study results of a coUrse or. 
examination. In order tc accomplish tl^e possibility to giest the latter 
option, the data base contains data on the course results grouped by 
courses. There are two tables for this purpose, one consisting of the 
heading information of fhe courses (&>ui*se codief and Serial nuniber,'date 
of the course, teacher) and one consii^ing of the results of the students 
in the course examination, i.e. the rows of the result list (course code, 
and serial number, date, students social security number, grade, date, 
credit points, teacher), ' < 

Degrees Taken in the University of Helsinki ^ 

The table contains one row per a degree taken in the university 
of Helsinki. Data fields are : \ 

students social security number, degree code, faculty, date, 
amoxmt of credits in this student's degree, major sobject of 
the degree, degree program and cf)urse alternative. 
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Degrees Taken Outside, the Univer,sity of filelsinki i 

The table contains background degrees and also information on tlie 
matriculation examination. Data fields are : 

^ students social security > number, degree code, code of ' the 
school or iirjiversity where the degree is taken and date. 

^ \ Th Stu^y Units. 

The table contains daita on .the study units that can be registred in 
the d^^ta base. Data fields are : 

code of the study unit/ name of the study unit, dates when 
.. the code in effecl;, institute responsible for this unit, default 
i credits. , i ' 

Various Codes 

The code tables of the data base contain the names of po?t zone 
codefs.'cctnmune . codes, school codes etc. 

S.3.4. Application Software 

The application software of the centralized data base system can 
be divided into the folBwing sub^y6t'ems: " ' ' 

• 1. interface betweeri terminal users and the data base ' 

2. production of reports iand lists'^' ■ 

3. producftion of statistical talbles 

' 4. various auxiliary |>rogiams for the maintenance of the data base 
5. query and reporting "'sySteni'^ used by . non-EDP-pkmiers for 
analyses of the student data 

The' production data bas^ is iniplemented using the MlMER soft- 
ware Which is originally made in SWeden 'although the latest version 
4 'is partly from the USA because, of the changes in the ownership of 
the, Vendor. The iiser interface is made using the MIMER/PG program 
generator by an independent Finnish software firm. The interface is 
rather complicated, because we have tried to make it optimally fit in 
the working procedures of the Office of Actuary. At the moment it 
remains to be seen how we liave suooeeded. 

Reports ai.£i lists are made by using the MIMER/RG report gener- 
ator which setm.'? to be qfuite efficient. Some ta'icky listings iare planned 
to ;be produced wiih COBOL. 

Statistical tables wilb be made with ' SAS-software that' processes 
files extracted from the data base by MIMER/QL query system. 

The query and data analysis subsystem is based on ORACLE-^oft- 
ware. The data base is formed by copying proper data under OBAC5LE, 
and at the same time necessary modificdtionf; to the format of data 
is made. Thf! query system is now in preliminary yind experimental 
phase^ we are trying to find out the riglit data content of it. ^ 
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The reason for selecting two different data base management 
system software may. €|eem, rather strange, but, we had several reasons 
for that. When the decision of the production system software had to be 
made at the end of 1985, there was no local representative of ORAlOLE 
in Finland. During the: choice of system software we evaluated several 
systems (e.g. FOCUS, INGRES, MAFPER, Burroughs LING, DEC RdB) 
and found that MIMER gives in our situation the best cost/benefit ratio. 
The evaluation of software was done along the project which led to 
the choice of VAX-1'1/780 for administrative EDP. 

The situation with ORACLE was- changed during the spring 1986 
(Finland got local representative), and we decided to purchase ORACILE, 
too. The application generator of ORAiCLE version 4 available at that 
time was deemed to be insufficient to' ooar purposes^' so we continued 
the work with Jl^MER. The reason of the use of ORACLE is its standard 
SQL and other components suitable for "well educated" end-oiser. 
MliMER does not have such facilities. 

The production d^ta base is, separated for the more easily accessed 
query data base also for reasons of, secoirity. It exists a real danger that 
hackers find it a challenge to intrude to the student file. It is easier 
to guard the data, if the use of the data base management system, soft- 
ware operating on the production data is restricted only for professionals. 

5.4. The Department Level Student Information ^System ; < 

The functions of the centralized EDP system are perforr ?d by the 
Actuary's office, and the "departments obtain their results ,and £end 
their data to be fed into the system to the Actuary's office. Only the 
Department ,of Computer Scdenos has an experimental system whicli 
sends machine format xiata,; from Ihe files of the Department to the 
files of the Actuary's Office. . . 

In addition to the centralized system the typical departments have 
used manual files for strong student information excluding some ex- 
ceptional departments who have development EDP systems for their 
own. There has been no coordinated efforts from the government of 
the University , t6 establish department level studemt information EDP 
system. 

. Typical departments have maniual files on paper cards to store 
the names, addresses and otudy results of tlieir "own" students, while 
some departments have i the results stored' only on the residt lists fused 
when announomg the outcome of the examinations. The "official" pro- 
cedure deman, the departments to send the bopies of the study results 
to the Actuary's Office to be stored into the centralized system, but 
some results are lacking. 

There is 'now an experimental project going on in order to get a 
coordinated EDP system for student information processing in the 
departments. Becajuse of tlie size of the University it is a necessity to. 
have several variants of this system for different departments. The con- 
tents of the first versioh of the system is now planned /and diiring this 
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summer we hope to be able to make the schedule according which it 
is possible to get the first deparlmental system running to the end 
of this year. 

The first variant seems to be an independent mIcrocompuLer system 
using batch file connections with the new centralized system. Now wt: 
are also researching the possibilities to connect the department level 
systems on micros to the central system on VAX by using the data 
transmission network and diitributed data baje with ORACLE soft- 
ware. : 

The department level system will contain extra functions compared 
to the centralized one, e.g. the data on participants, of courses and their 
points obtained in the intermediate examinations of' the ct>urses. 
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THE IMPACT OF INFORMATION TECHNOIXXilES 
ON UNIVERSITY ADMINISTRATION ♦ 



Roland BOUCHET 

Centre for Educational Research and Innovation, Paris, France 



Introduction 

Computerised managemnt has undergone a drastic chhange over the 
last ten years as two factors in the transition from hatch to conversation- 
al processing have radically altered information channels for the 
institutions concernefd : ■ ' . 

There is no longer any intermediary between user and computer 
facility, and ^ 

— Managens are now' having to think in terms of the information 
system. 

•Previously outside the' management function, computing has gra- 
dually become ' commonplace, less conif ined to the specialist and more 
aocessiible to all The trend towards more user-friendly hardware has 
been aiocomipanied by the growing sophistication of peripherals and 
software, requiring. to gain th^ sl^lls needed, to handle telecom- 
munications and networks, relational diatabases and ; transactional 
systems. At .the same time, the surge in.ixiicroccmputing has encouraged 
dll kinds of stand-alone applications. 

The universities have experienced and are still experiencing this 
technological trend at a time when manaf.ement has to perfomi in an 
economic and regulatory environment of increasing constraints and 
complexity. Realisation of the financial and human implications of com- 
puterisation induced management to devise investment strategies and 
ai>plication development and maintenance policies. A number of insti- 
tutions m some countries set up co-operative machinery to pool their 
thinking on management organization and to design, maintain and 
disseminate systems so that each could enjoy economies of scale and 
benefit from the experience of the rest. 

♦ Article reprinted from Vol. XII, No. 2 of The Intermtiorial Jownal of 
InsHtuHonal Mamgement in Higher Education, OEOD, Paris 1988. 
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The new technologies and general institutional operating conditions 
had the furst consequ jnce of generating a certain management moti- 
vation, but, whatever form this took, the new technologies initially 
penetrated distinct functional fields. Soon, if not at once, the need 
emerged to get back through all these various fields to the lunity of 
the university, to shorten procedures and provide rapid access to infor- 
mation and analysis, both sectoral and general, to meet the needs ap- 
pearing at the various levels of management responsibility. This inte- 
gration phase was directly linked to the application of new technical 
tdols and, conversely, diredt links were introduced to the system to as 
many users as possible, apart from which man> new applications 
emenged upstream, downstream and even outside the system as de- 
veloped. 

1. Technological Development and Its Impact 
1.1. Limitations of the Batch-Processing System 

In a non-computerised organization management naturally falls into 
sectors between which information is passed with a value increment at 
each stage. Every sector reconstitutes for itself from the data received 
from the upstream sector the informational environment it requires. 
This invariably tends to swell staff and impede task fulfillment It also 
requires the occasional collation and appraisal of the information held 
by individual sectors to verify its compatibility. In some- fidds; - identi- 
fying and correcting mistakes may take longer than 'routine performance 
of the tasks concerned. 

At first, computers were used 'in university management for oft- 
line data processing, their function being to automate repetitive tasks 
(reclassification of data, produjotlon of statements, etc.). 

This pattern, essentially linked to the state of the art, offered clear 
advantages over the traditional approach; but tended to confine appHca- 
tionsxto a large volume processing. These large-volume sectors were tho 
first to use ccwnputers, and this influenced the way the user services 
were organized with varying effects on their operating processes. While 
computing provided the user service with some help, it also generated 
fresh constraints and requiremehts, thereby illustrating the well-known 
principle of t^hnologibal determinism according to which technology' 
is never neutral in any field it enters. 

To gauge the fecale of the changes wroii^ht by the new technologies 
it is useful to recall the. organizational effects of a computer-mana&ement 
system of this kind. 

The table below shows the roles of the various parties at the, system 
preparation stage. 
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The autonomy of areas A and C is total. Area B is a nexus be- 
tween customer and supplier where' a contract is made. , ' 

A batch mode computer system is organized in the following con- 
figuration . ... 



AREAS 



A. usm 



C. COMPUTER SERVICE 



AEMINISTRATIVE 
TASKS 



.DATASHEETS 



.DATA BJpiX 



Error feedb«ck 



1' 



CHECKS 



PROCESSING 



In this table the nexus p)oinj; B is elii^mated and recurs ,only in case 
of a difficulty - t new requirements. Ar^fis A and C are still fuUy auto- 
nomous. 'However^ although the computinj^ functio^ remains outside the 
administrative operation proper, the sensitive points of* such a system,, 
which^ avi^ all linked to the means of data inputs are evident : 

1. ?rhere is a new workstation on the User side with the twin, 
duties of : . ; . 

— CJodifi cation ^ 

— Input-document preparation ; 
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2. The data entry function on the computing side is often a bottle- 
neck, especially when the workload is inteimittent with a demanding 
reSiponse time ; 

3. Error feedback may lengthen processing times and grow alarm- 
ingly if codes are complex to handle or staff preparing input docu- 
^nents and entering data are- highly mobile. \ 

With the emergence of transactional systems, the above configu- 
ration has tended to change with the introduction of guided and checked 
entry giving the following arrangement : 



AREAS 



A. USER 



ADMINISTRATIVE 
TASKS 



h 



DATASHEETS 



•1 



L 



GUIDED DATA 



Error feedback 



C. COMPUTER SERVia 



.OOMPVTER' SYSTBl 
OHEa 



PROCESSING 



This configuration is a clear advance on its predecessor. The com- 
pater service no ^'-nger participates in formfulating data for input and is 
now concerned only with operating the system. In addition, some errors 
are identified and corrected at once, and the reduced feedback is limited 
to docUiTient elements which are not internally verifiable (format, limit 
values, consistency, etc.). Systen^ stops will mainly reflect information 
gaps relevant to the environment (e.g. an instruction to modify a file 
which the system cannot identify in its recot'ds). There is therefore 
an appreciable saving of time and increased reliability in data gene- 
ration. 

Orl the purely organizational level, however, the sole change is that 
the data entry station has moved from the computing to the user side 
with a consequent increase in the latter*s workload. There has in fact 
been no fundamental change in the systcii' as a whole. 
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1*2. Tbe Arrival of Interactive Systems 

The arrival of the interactive system results in the following ar- 
rangement : 



AREAS 



A. usm 



C. OOMPinBl SERVICE 



WORKSTATION 



ooMivrei SYSTB1 



This configui'ation exhibits two new features : 

L The computer system no longer participates in the admmistrative 
operational procedure. 

2. A workstation appears on the user side and the administrator is 
now linked without intermediary to the computer back-up. The user 
no longer burdens his work with specific system-feeding tasks but is on 
the contrary supported by the system. 

This new config\iration has an i .iportant bearing on the features 
of the computer syst/^^m now available to the user. » 

1. The system becomes user-friendly i.e., easy for a non-specialist 
to use. 

2. The system is necessarily complex as it has to accompany the 
user in his management functions and g^uirantee their consistency while 
immediately determining the full implications of each action in relation 
to the total body of managed data. 

This latter point reflects the new potential afforded by interactive 
mode computing. Previously, there were us many computer systems as 
computerised services and inter-service relations were outside the com- 
puter system. The present picture is completely different, and any com- 
puter-feasibility study now requires a comprehensive approach to insti-, 
tutional functions, workstation analysis and provision and inter-service 
links. Computing now applies to functional areas, not to services in 
isolation. 
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2. Functional Areas 

The decision to use modern information technologies is invarialbly 
an act of management policy, and in higher education the decision should 
serve four basic goals : 

1. Provide the most accurate possible picture of the institution's 
teaching and (research system ; 

2. Aid in deploying the resources availaible to the institution for 
operating the system ; 

3. Enable the resources to be adjusted rapidly to altered require- 
ments and environmental changes to ensure their optimum use ; 

4. Provide constant control over inform'ation flow and henCe over 
the management back-up function. 

2.1. The Information System 

In a higher education institution, management comprises a range 
of measures taken by various departments to establish the material con- 
ditions and directives necessary for implementation of its teaching pro- 
grammes and research projects. These programmes and projects are the 
essence of the institution's existence and every act of management 
should be related to them. 

As a first approach, a higher education institution can be repre- 
sented by a set of schematic relations between six major basic comoo- 
nents : 

— Supervisory authorities 

— Management/co-ordination/support 

— Students 

— Resources 

• Human resources 

• Funding and endowment 

— Contractual relations. 

Management : The information system is designed and organized by 
the institution's administrators (1) performing the functions of manage- 
ment and co-ordination. 

Programmes : The programmes component, organized and integrated 
into the system by management (6), comprises the range of availublo 
qualifications, their means of acquisition and the appropriate courses of 
instruction and also the research subjects and projects approved by the 
institution (2). ) 

Supervisory authorities : The successful completion of courses leads 
to university qualifications which, in the case of national awards, have 
been endorsed by the supervisory authority (9). This authority also 
reviews the state of the various components of the teaching and re- 
search system as reported by the institution's management (8), and ap- 
plies certain criteria to make available to the institution the humtin 
and financial resources (10) it needs to accomplish its goals. Under the 
term supervisory authorities must also be inc hided the various checks 
exercised by ce'-tuin institutiens such as national and regional assess- 
ment agencies and the auditors. 
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INFORMMION SYSTB! OF A HIGH© EDUCATION INSTIIVTION . 



SUPERVISCRY MmOlTriES 



3 



wmam 
Go-au)iNMrioN 

SUPWRT 



- wm — 

< FINANCIAL 

- ENDOWMENT 



TEACHING AND 
RESEARCH SYSIBt 



CONrraACWAL^ 



FROGRAKMES 



stUDEirrs 



ReMurces : Co-ordination relates to the human resources (teachers, 
researchers, administrators, technicians and sex^vice staff) necessary to 
conduct the full range of '^programmes** (7) and allocates the institu- 
tion's financial and material resources to operate the system (3). 

Students: The student population constitutes the system's bene- 
ficiary component (4) and is divided according to the courses on offer 
which the students arc qualified to take (5). By their fees, students 
contribute to the funding of the institution (12). 

Contractual relations : Some of the institution's activities like con- 
tinuation training and research contracts generate funds and contribute 
to the institution's financial resources (11). 

Management support : The administrative bodies and associated 
services are able to operate the system properly by frequent if not 
actually permanent information for the various decision-makers con- 
cerned (team work organization and time allocation, ability tests, award:; 
of qiualifications, statistics, vetting, budget management, miscellaneous 
accounting, etc.). 

2.2. Areas of Application ; 

Once the institution's information systimi has been established, one 
must identify functional areas cxjnducive to the establishment of roan- 
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iigrmont applications accessible to the maximum mamber of users and 
compatible with the autonomy and responsiblity of each. Two broad 
areas can be identified : 

— Resources 

— Activities. 

Resources cover a number of operations performed by different 
services : 

— Vetting the allocation of financial resources and their applica- 
tion. This encom/passes major system elements such as the budget, ad- 
ministrative accounts, general accounts and fund transfers and is of 
constant concern to many parties including the institute's various hierar- 
chical levels and all recipients of budget allocations. 

— Monitoring the careers of teaching ar^d non-teaching staff from 
recruitment to retirement and the punctual satisfaction of their enti-. 
tleipents. Institutions are more or le^s directly involved in t^iis type of 

. operation according to the status of the various staff categories. Hov/ - 
ever, the status and allocation of all staff members' are subject to 
continuous oversight. 

— Monitoring the condition, use and performance of tangiule infra- 
structures (premises, technical systems etc.). . 

Activities basically encompass every aspect of teaching and re- 
search : 

— Organization of teaching activities with three main objectives : 

• Definirg the education system, i.e. the types of training and 
awaixls provided by the institution ; 

• Oi^anizing courses tailored to the v.'^.rious teaching requirements 
. to enable students to gain the knowledge nej^ed to obtain the 

qualifications they are working for ; 

Prcctical deployment of all resources needed for the educa- 
tion system to work. 

— Organization of research activities : 

• Choice of research areas ; 

■ Introduction of assessment systems ; 

• Monitoring of contracts and agreements ; 

In all these activities the management's constant concern is the ap- 
portionment and optimum use of the resources the institution makes avail * 
able to them. ' 



Zf Integration an^. Links 

An area of application is defined toy three elements :' 

— Its components, Within the institution's information system; 

— The participants, i.e. the staff mombers aware of, and if neces- 
sary able to change the component status ; 
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— General or individual procedures, enabling the participants to 
exercise their investigative or executive functions. 

An area of application therefore establishes constant relations be- 
tween the components and the participants, if not directly then via the 
.procedtires each can apply to the components. This means that the 
techniques introduced are inevitably conducive to integration : each 
operation is performed only once, and its consequences are immediately 
adcessible to all participants with the as&uranoe of total consistency. 

Introducing a system of this kind does not impose any a priori 
organizational . pattern on tne institution but does oblige it to review 
its functions and performance and to take decisions concerning its 
organization. The information system, when translated into application 
systems, requires that the operating rules be clearly defined for each 
participant. These rules naturally imply the provision of as many links 
as posible between the system and the institution's staff. Ultimately, 
conventional inter-service information transfers are 'replaced by corh- 
mon access to 'a s1)ructured dataibasc source. 

Two management systems can be described as examples : one for 
finances and accounts, the other for education system management. 

3.t« Financial and Accounts Management 

The components selected for this system are : 

— Budget A 

— Credits. 

— Structures 

. . — Relations with third .parties 

— Liquidity position 

— Audits and consolidation 

These various components are organically linked : the structures 
ie. the constituent units of the institution J^uch as teaching units, 
-•timites, laboratories, common services, etc.) receive credits allocated 
budget decisions and cash revenue as incoming payments are booked. 
Hs, like debts, are committed by appropriation users withm the 
and the audit and consolidation component ensures that each 
ri. -3 implemented according to the rules and guarantees to each 
.iitegrity of the information to which he has access, 
participant's access, to the system will therefore be limited to 
the or more procedures he is entitled to use and to those parts 
of the management data he is authorised to consult or amend, llie 
system thereby links every operation performed ^o a user, a structure 
and an objective. WMle each participant' regains a specialist and 
responsible for his own field of action <not necessarily a management 
role) he participates in the working of the institution as a wholo through 
the system, which registers pperation^ and relates them to the r respec- 
tive components. 
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Ipi thp system under consideration, ^ce5§ to a common diabase is 
^??Ocfstpd wit)> a guarantee of total autonomy for each individual in 
his bwn spjf^ere pf responsibility. Tlie saime systienji has beep ir^^talled 
in ^iff^ixt institu|:ipps' with varying kindg 9! organis^tiorj. Partly or. 
totaUy decentralised' ari^ WftJi a cjifferei^t spread of responsibiiity be- 
tween services. T|}e propedural ru^es ar^ imposed on the system by each 
institution using procedures only accessible to management. 

8.3; Education System 

JJjp POflipoib^nt^ of the general information system Jielp to sjiiow 
how the In^tijtujipfi oiig.^ni^ ilj^ e4ii|fajippal «4ivitfgs : 
. ~ The 4fg.i^s it, off^ 

— The de/gree cooirses it provides ; 

— The human resources employed ; 

— The competition of the stuldent poipulation ; 

— The material resources, particularly premises, available for tea- 
ching purposes ; 

— The funds available for teaching. 

These components form a coherent set of data interrelated as shown 
in the accompanying diagram. 

To use or amend the data a participant can apply various proce- 
dures, the most important of which are the foUowdng : 

— Course introduction ; 

— Student enrollment ; 

— Timetable adjustment ; > * 
^ — Allocation of premises ; 

. : — Performance assessment; 

— Degree awayds ; 

, — iStorage pf course attendance data ; 
'-r General management information, statistics. 
Participants fall into ^wo major categories according to whether 
they are memibers of the institution or an outsdde t?ody. 
Internal participants include : 
, — Manajgieipent bodies ; 

— The resource programming and allocation department ; 

— Academic registry ; 

— Teachers ; 

— Students ; 

— Accounts department ; 

— Informi^tion and counselling services ; 

— Joint university services (libraries, preventive medicine, sporting 
activities, etc.). 

Once again, when this management system is installed in an insti- 
tution, it requires close co-operation among different departments — 
•academic registry, personnel, financial services, academic administrators 
and technical services. Co-ordination is ensured by the *^managem^nt" 
component. 
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The twp tnanagement systems are coupled by their common ^finan- 
cial resources'' 'component. This demonstrates the fundamental uriity of 
the institution, and is a reminder that the various participsuiVb purpose 
is to s^irve the education sy;stem, to w^iich every action should be related. 
This bwn^s \us back to the Institution's need for integration and liaison 
in the analytical treatment of the varibiis activities pursued. 

The two systems were developed following very extensive study 
and their introduction on each university campus requires careful prior 
consideration and decisions by the institution regarding its organization. 
Another essential point is that, although these systems are structure- 
forming, they should hot render thie organisation rigid. This should 
be readily adaptable to changes in structure or stiitutJes.- l4owever, this 
broaches a subject to be dealt with elsewhere. - 

4. New Applications 

Interactive mode and database sy&tems are being installed in higher 
education institu lions with all their organizational consequences : intro- 
duction and reoiiganization of services, simplified circulation of infor- 
mation, procedural definitions, demarcation of responsibilities and 
increased links between different activity leve).5. The new , technologies 
have not yet had their full impact, and already other innovations are 
occurring. The universities have also shared in the latest trends includ- 
ing the wider use of microcomputers and network and videotex develop- 
ments. 

In the beginning at least this proliferation seemed to threaten some 
confusion, with too many individual initiatdves acting centrifoigally in a 
drive for autonomy or independence. In fact, this did not happen. After 
a honeymoon period it had to be admitted that microcomputing required 
a minimum training which few possessed, dnce this training had been 
acquired, the need to communicate made if clear that the use of com- 
mon softwai'e standards was essential. 

The arrival of microcomputing and the installation of local networks 
have had the effect of accessing more users to large management sys- 
tems in which the application of emulation products has made possible 
the use of microcomputers as system terminals. File transfers enable 
users to process independently management system data for studies of 
narrower scope such as statistics dealing with only part of the insti- 
tution, budget simulations qr any other study of concern only to the 
individual user. 

Those with microcomputers seem to make systematic use of off-the- 
shelf packages like word processors, spread sheets and file managers. 
Mere, too, there is now a trend for software packages of the same kind 
to be used in any one institution more evidence that self-sufficiency 
does not eliminate the need to communicate. 
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Videotex applications are also spreading very fast. Institutions are 
setting up internal message systems. Study groups encompassing more 
than one university etc. keep in constant touch via videotex, especially 
•for the development and maintenance of management systems. The sys- 
tems also support Minitel connection for user enquiries, so the need for 
hard copy printouts will certainly soon be reduced. , 

In many institutions students can use videotex to access details of 
course programmes qnd admission requirements. It will become possible 
for some examinees • to see their results on videotex Within a few 
moments of the board's decision, together With the date of their next 
tests, where appropriate. 



Conclusion 

Higher education institutions have adopted the new information 
technologies against a difficult management background, with stagnant 
if not contracting managerial staff, changing regulations and laws in 
some countries and financial resources which have at best been flat For 
many, the new information technologies have afforded an opportunity 
to 'overcome these difficulties and managers at every level have almost 
invariably' been prompter to appraise the nature and methods of man- 
agement of their own institutions. , 



AN INTiaptNATIONAL CENTRE FOB COMPUTERS 
AND INFORMATICS (ICCI) TO PROMOTE THIRD 
WORLD DEVELOPMENT 



Mohan MUNASINGHE 

Third World Academy of Sciences, Trieste^ Italy l 

Introduction ^ 

Contribu1;ing more effectively to develop and r^e the livjug 
stamjards of the 3.5 billion inhabitants of the developdng countries (over 
70 pea^cent of whom live in rural ar^as under difficult drcumstances), 
is one of the great challenges of today, i^ince 1850i miastejry of the phys- 
ical world through science and technology, has helped to bring about 
a six-fold increase in average global real per capita income. Nevertheless, 
theso aggregate numibers mask glardng inequalities that need to be 
addressed ui^entiy. Thus, the roughly 25 percent of the world's 
population in the industrialised countries produce and consume albout 
12 times more per capita than their third world brethren. \ 

Many of the fundamental structural changes that are transforming 
the western societies, such as the shift from the industrial to the post- 
industrial economy are being driven by technological improvements in 
ai'eas like microelectronics and informatics. These changes cannot be 
ignored by third world countries, if they are to take their place as 
equals in the global environment, and compete successfully in interna- 
tional markets. 

There is a revolution now under way, that will fundamentally 
transform human society in the coming years. Fortunately, this parti- 
cular revolution does not involve weapons and bloodshed — it is the 
result of unprecedented developments in electronics and information 
technology ovor the last 3 or 4 decades. 

The biological sciences show that a living organism may occupy 
a viable niche within the biosphere if it is able to suc<^sfully control 
the three principal aspects of its interaction with the environment, 
represented by flows of nutrients, energy, and information (Thomas 
1974). Analogously, a study of the broad sweep of human history shows 
that it took many millenia for mankind to evolve from the nomadic 
hunter stage to the early farming stage (by about 8000 BC). Societies 
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were dble to devote more time to relatively sophisticated pursuits, as 
fodd igathering bfctaftie tnoire efficients The ttartsition from the agricul- 
tural to the ihdiifetriel -phase {starting around* the seventeenth century), 
WAS relatively ilriore rapid; and mainly involved the control and use 
Ot energy for mfifiriufacturing and production. The most recent era invol- 
ving the development of electronics and other modern technologies began 
in the 1950s, and has Accelerated eveh mofe Sharply. It is abased on 
increasing manipulation and mastery of information. 

Each age may be represented by a typical tool or implement : the 
buntJer's spear, the farmer^s plough, the industrial worker's lathe, and 
the hrain worker's computer. The intrinsic capability of the modern-day 
comiputer to enhance and transform our thinking povf^er^ makes it a 
radically new instrument compared to the .hunting tools, agricultural 
implements, and industrial machines that chiefly augmented human 
hiuscle power in earlier times. It is this difference which provides the 
driving force for todayls information based' revolution. 

The recent advances in solid state technology that have given the 
impetus to the worldwide information revolution, are impressive (Scien- 
tific American 1&86). Sevejfal generations of electronic computers have 
passed by with iincreash^g rapidity, starting with vacuum tube techno- 
logy t (around 1&5Q), and progressing through machines based on the 
fdiscrete transistor, and smaljl-, medium^-, large-, and very large-scale 
integrated circuits {today). Consequently,, computer hardware that would 
have lilled a room 30 years* agq, would no>y fit into a silicon, chip 
stnaU^sr than a pea, while power requirements have also declined corres- 
pondingly. Reliability of operation has imt^oroved by a factor of 10,00p, 
while maintenance is much simpler/ Nominal costs 'of microelectronic 
' devices ; }>9ve declined by a factor of about 150 over this same period, 
and the cost decreases are even nxore dramatic if the effects of steady 
inflation over the last 30 years were netted out. » , 

Comparable reductions in cost, and iipprovements in both hardware 
and software capability are anticipated in the coming. decades (Branscomb 
19«6, IEEE Spectrum 1&87), Parallel processing architectures, now being 
developed promise speeds and capabilities (for certain classes of compu- 
tational problems) that were hitherto only available to supercomputer 
oisers and at considerably higher costs (High Technology 1987). A sam- 
pling of exciting potential developments for the future include the ultra- 
fast light computer capable of trillions of oper itions per second, improved 
very large scale integrated circui'ts culminating in **moleoular" switches 
which arc a billion times smaller than - comparabc devices .oday, and 
new digital and optical fibre based integrated communications services 
and'.systems {ItE^ Si>ec,trum 1986). 

Meanwhile, computers and communictions are so closely linked; that 
telephone companies are offering new types of computer services and 
computer firms are entering the commimications arena. The advent of 
the integrated services digital network (ISDN) concept underlines the 
potcnti&l of computers and informatics (Kitahara 1M3, NTT 1985, Pitke 
IWV). ISDN combines 6udio, data, text and video transmission facilities 
*n 0 single service, that Is both faster and cheaper than comparable 
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services .today. At the same time, satellite links and international net- 
works are becoming move commonplace and cheaper, and the developing; 
.countries cannot afford to lose the opportunity of gaining access to 
knowledge and services outside their boaxiers (Quartermain and Hoskins 
1986, Balson et al. 1987, Budd 1»87). The critical importance of the 
ielecommunications aspects^ of the informatics revolution, for woyld 
development, is becoming widely recognized <ITU 1985). . 

Software sophistication is also growing, but not at the same pace 
as hardware. New algorithms and languages are being developed for 
parallel ptrooessors. Expert systems which seek to mimic some of the 
basic Juc^emental skills of human experts in various specialised disci- 
plines are already available, and are steadily improving capability. Finally, 
therfe is considerable interest in .both the theoretical and practical poten- 
tial of artificial intelligence devices. One particularly promising area 
of research concerns the so-called neural networks, which consist of 
large numbers of simple neuron-like logic devices connected in a network. 
These networks appear to have intriguing and unexpected characteristics, 
including heuristic behaviour. 

In the ind'Ustrialised nations, am»bitious multi^billion dollar initiatives 
are under way to build fifth and sixth generation computers (ICX)T — 
Institute for Nev Generation Computer Technology, Japan in 1982; 
1VK5C — Microelectronics and Computer Technology Corjjdration, USA 
in 19S3 ; arid ESPRIT —- European Strategic Programme for Research 
and Development dn Information Technology, EEC in 1964). These new 
systems will have greatly improved 'J>erformance including qtuasi-intelli- 
gent capabilities (OEC 1985, Feigenbaum and McCorduck 1903, ICOT 
1984,^ lEEI' Institute 1987). While the developed countries are already 
deeply Ihvolved in the microelectronics and computer revolution, the 
developing countries are al^o on the brink. Whether they like it or 
not, third \vorld societies and economies will 1>e compelled to live with 
these new technological advances, and all their widespread implications. 
Either the developing countries adapt and use the knowledge to enhance 
their drive for socio-economic development, or they fall back even 
further — this is the harsh rule of surviviil in an Increasingly compe- 
titive world marketplace. ' ^ 

Although the technologioial advances are breathtaking, our feet must 
remain firmly anchored on the ground. Thus, policy analysts and 
planners generally agree with the need to rationally and efficiently 
allocate the scarce financial and manpower resources available to the 
developing countries, so that these new technologies can be hiarnessed 
to maximize socio-economic development (Munaslnghe 1983). The dra- 
matic declines in solid state device costs offer a golden opportunity for 
third World countries to close the gap between the rich and poor 
nations, through the wise and effective use of computers. 

At the same time, we should also guard against exaggerated claims 
and expectatjions — actions must match the rhetoric. Unless the benefits 
of computer technology are brought to the people, (especially the rural 
masses), scepticism and 'disillusionment might hamper further progress 
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in this direction, as the scientific and technocratic leadership rapidly 
loses its creadibility. Computers heed not be confined to the elite' — they 
should ibe accessible to everyone. 

Computer and Informatics Issues in Developing Countries 

Computers and information technology provide a oinique opportunity 
for the third world to accelerate their development efforts. The new 
technology has great potential, but its effective use should toe deter- 
mined by the appropriate development path chosen by each nation. The 
technology^ ought to-be treated like any other instrument of policy by 
developing country gbvemments, t6 achieve national goals, the most 
fundamental of which is the improvement of the welfare and quality 
of life of citizens. More specific national socioeconomic objectives to be 
aphieved, include : 

1. Increasing economic efficiency, growth, productivity, and 
employment ; 

2. Meeting basic needs and access to minimum levels of essential 
services (especially of the popr), and ensuring a more equitable income 
distribution ; . ^ 

3. Maintaining sociopolitical stability, including national security, 
unity, independence, self-reliance, and integrity of state institutions ; 

4. Preservation of cultural heritage and traditions ; 

5. Others (protection of environment, justice, etc.). 

However, there are many constraints and difficulties that hinder 
the early development and eJKective application of computer and infor- 
matics in ' developing countries. Some of the issues that policymakers 
will be called upon to address include : 

Technical Issues 

1. Degree of standardization of spftware, hardware, databases, tele- 
communications, etc. 

2. Adequacy of service and maintenance facilities, access to stan- 
dard software and of technically qualified manpower. 

•3. Quality of infrastructure services and working conditions, inclu- 
ding power supply, telecommunications facilities, and control of tem- 
perature, dust, vibration, insect pests, etc. 

4. Protection of intellectual property, patents and copyrights. 

National and Economy-Wide Issues 

,1. Development strategy, general policy approach and institutional 
framework, which could range from a market ori(;nted completely 
laissez-faire attitude, to, a .rigid, highly planned framework with cen- 
tralized contro]. 
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\ on economic growth, productivity and employment 

3. Sociooultural eff^ts. 



International Issues 

1. Transborder data flows, 

2. Access to technology. 

3. Risks of new forms of soutli-north dependency. 

4. The role of aid donors. 

Rble dl an International Centre for Compute]^ and Informatics 
<ICCI) to Accelejrate Third World Development 

There w^s a general consensus th^t devbdo|>ing countries shi^uld 
move quickly to fbrmulate and apply computer artd informatics policies 
for development. The discussion also helped to identify several iippor- 
tant reasons why an International Centre for Computers and Informatics 
(ICX.1), based on the network approach, could play a crucial role' "in 
the development process* / 

First, thett ate many aspects of informatics policy that are common 
to most third world countries, and ICCI could mediate and catalyse 
fruitfu* exchanges of ideas, and information among these nations, thereby 
minimiiing dttplication and costly mistakes of policy. Second, there 
are several initia^iives and projects tha,t individual developing opuntries 
may not be able to undertake on their ovm, which could doqe collec- 
tively through lOCl. The Cefttr^e would not only faci^tate south-south 
colla(Poratiop, but also could actually help to identify arid clearly articu- 
late some of the complex issues and problems to be examined. ICX2t 
would provide a critical mass of analysts, resec^^-ch^s aAd implem^nters, 
essential for success in a relatively uncharted and difficult area of 
study. Finally, ICCI could play a vital rale in acting as an intermediary 
between the south and north, and facilitating the mutually beneficial 
transfer of information technology and knowledge. 

The proposed Centre^s pHmai^y foous woaild be practical research, 
pilot studies and applications on the role of computers and information 
technology in third woi^ld development. On a preliminary basis, ICCI 
might provide the framework and driving force for third world computer 
development and application efforts in the following broad; priority 
areas : 

1. Policy analysis, formulation and Implementation in relation to 
overall national development strategies. 

— comparative studies among countries 

— country level studies in sdected developing nations 

— detailed studies of applications in specific sectors 

B* Education and training — a broad range of activities focussed 
on Skilled manpower devc^lopment an J promotion of computer literacy. 
Institution building efforts would be made especially effective by directly 
involving developing country collaborators, in the field. 
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9: Sbitmte devfeloJJttifent} both for dorri^stic Usfe attd exports of ser- 
vices, with particular 'emphasis on rural aiJplications. Some specific 
se(rtors with' promising sttope for applications, include : agriculture, 
education, enetgy, health, industry, nutrition, population, transport and 
tAtibdh planninif. V 

4. Hardware find microelectronics development -^ although compe- 
tition froto thfe developed ^loiintrieS would toe sevei-e, Jblnt eHforts bdsed 
Oh the pddling oi scarce skilled manpower and financial resources of the 
developing countries, could tie very useful. Emphasis would be in areas 
Mke use of existing components, eomputer architecture, basic communi- 
cations devicei, and chip design, rather than advanced xihip manufacture. 

5. Dissemination of information — act as a clearing house for all 
types of written and electrpJlic data in this area, product its own publi- 
cations and repdrts, brganizfe and participate in meetings (face-to-face 
and teleconferencing). One major objective wbuld be to facilitate and 
encourage the work of relatively isolated researchers in the devfelopinc 
countries. . 

While there are a numiber of international and regional organiza- 
tions in' the computer and informatics area, they do not appear to 
adequately cater to all the needs of the developing countries. This is 
beea-use the range of is&ues is so enormous, while constraints and .political 
problems often prevent existing bodies from functioning effectively. 
Therefore, there would be ample room for lOCl to play an effective 
role — complementing rather than duplicating the work of existing 
mstitutions. 



Basic Considerations Concerning the Organization of ICCI 

There was unanimous agreement that the new centre should be 
based on the network principle. I(XI may then consist of a small core 
group of experts, acting as a coordinating point and central node of a 
network linking many existing or new regional and national centres in 
other countries. The advantages of this approach would include : 

1. avoiding the high start-up costs (both capital and recurrent), asso- 
ciated with a major new centre : 

2. avoiding th6 need to launch yot another large international orga- 
nization, ' given that there may be little enthusiasm for this concept 
at present, in the international community ; 

, 3. serving the critical needs of ^he developing countries in this area, 
in a way that requires only modqst initial resources, and permits the 
centre to build up its programme and obtain addition al resources, 
through proven results ; and 

4. using information technology itself to pioneer and prove the 
value of the network approacli for application of science and technology 
in the third world. IC5CI will be able to benefit from the synergistic 
Inputs provided by many institutions and individuals, with relatively 
low cost and advanced telecommunications, itself facilitating this rela- 
tively novel form of collaboration. 
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AN INTERNATIONAL CENTRE FOR COMPTERS AND INFORMATICS 

The • following tffoad. : outlines, also emerged from the,, disoussions, 
cpncerning the lunctioning and organization of ICO : 

1. The Centre should be an independent, international body like 
the TWAS, and shpuld draw, on the support of exjisting organizations 
such an TWAS, ICTP, and United Nations Univ. The autonomy of 
lOQli wouild al^o be prptected by having an international charter, and an 
independent Qpard of Governors, drawn from the highest levels of t\vj 
scien.tific and development communities, and those with prfictical expe- 
rience in the decisionmaking process in developing countries. 

2. The Centre should respond mainly to the ne^s of developing 
countries, but ideas for study could be suggested not only by third world 
governments, but also non-governmental agencies, universities, bilateral 
and multilateral aid organizations, and other ^groups active in the devel- 
opment area. Mutually beneficial collaboration with the private sector 
may also be pursoied, provided the interests of all parties are well spec- 
ified and understood. 

3. ICCI might begin with a relatively small core staff focussing on 
project and prpgram development, coordination of network research and 
^applications, providing, intellectual leadership and guidance, articulation 
of third world needs, information dissemination, and mobilizing resour- 
pes (funding and manpower). While, SQme key activities would be the 
direct responsibility: of ICCI, much of the work ought to bo defined 
and carried out by associated organizations in the ICOI network. Pro- 
jects and studies could be international in scope, at the national/govern- 
ment level, or involve specific institutions/individuals. 

4. Three types of funding would be sought from a variety of 
sources : 

— seed money and longer term core support for the Centre 

— programme assistance for activities built around the broad the- 
matic areas identified by the Centre 

— funding of a more ad-hoc nature for project of interest to spe- 
cific donors. 

Diversity of financing will also help to ensure a measure of auto- 
nomy that is vital for the success of ICCI. 

5. Top quality staffing for the Centre ought to be ensured, by pro- 
viding attractive salaries, working conditions, and other incentives, to 
attract the best qualified candidates at the mternational level. Both core 
(or permanent) staff positions and shorter term visiting assignments for 
scholars should be provided. The core researchers would provide conti- 
nuity for long term work, while the fixed-term appointments will give 
a moasuro of flexibility to Spend to more urgent research needs and 
help to bring in fresh ideas. 

Recoinxnendations for Action 

The pressing needs of the developing countries and the rapid pace 
of technology in the computer and informatics area, strongly suggest 
that an international body along the lines of the ICCI could play a key 
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role in accelerating third world development efforts. A network based 
approach for IC3CI would be desiraible,. The following actions were 
recommended^ as the next steps towards realizing this goal. 

1. ' Define rnore precisely the needs of developing countries in the 
computer and informatics area and identify the problems and issues 
that are not being addressed by existing bodies. 

2. Prepare a specific proposal that clearly sets out the objectives, 
scope, functions and organization of ICCI, using in particular, the infor- 
mation from item 1 (above). 

3. Organize a meeting of potential donors, at which the abov6 pro- 
posal could be presented and discussed. 

The IC5CI initiative continues to be guided by the Expert Group, 
and relies on the support of the TW AS, UNU and ICTP. Links are also 
maintained with other groups working in the informatics and develop- 
thent area. ' 
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ABEL: experimental metlical system, for diagnosing acid/base electro- 
lyte disorders 

ADA : language thus named in memory of lord Byron's daughter, 
Augusta Ada, the world's first programmer ; conceived initially for 
internal use by the Defence Department of the U.S.A. 

Advisory system : expert system that interacts with a person in the 
style of giving advice. Advisory systems have mechanisms which 
explain their advice and allow their users to interact ^t a detailed 
level, very convenient for the user 

ALGOL : early, general-purpose, high-level programming language 

APL : acronym for a programming language. It is very useful by its 
ability to perform certain mathematical computations extremely 
compactly 

Artificial intelligence : comprehensive notion with several interpreta- 
tions, of which we mention a few below 

1) capacity of a machine to control itself by means of simulated 
human intelligence 

2) way of designating computers conceived to make deductions and 
draw conclusions based on given facts and information 

3) capacity of mutual influence of a computer and human being 
with respect to dialogue, way of thinking and reasoning 

4) access emphasizing symbolic processes with a view to represen- 
ting and manipulating knowledge so as to solve tile given problem 

5) implementation of the computer in apprenticeship and comprehen- 
sion processes, making possible the acquisition and storage of a new 
''skiir' (new knowledge), so as to cope with new situations (to be 
reacted to promptly and correctly) 

Backv/ard Chaining : that problem-solving techniqaie charact Tized by 
working backward from hypothesized conclusions toward known 
facts 

BASIC : simple programming language introduced at Dartmouth College 
Binary image ; black/white image represented by «o" and in which 

objects appear as outlines 
bit : one digit in the binary representation of a number ; it is the 

fundamental unit of information 



♦ This gk>ssary contains brH explanation^; of the technical terms most 
frequently used in the present volume, 
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bit-map display : display consisting of a large array of tiny, individually 
>• b6ntroHable dots. Advanced types may have a million or more dots, 

each of Which may be more or less bright or in color 
byte ; eight bits 

OAD : acronym for computer-aided design 

OAD/CAM : acronym for computer-aided design and computer-aided 
' manufacturing 

OAI 1 acronym for computer-assisted' instruction 

OAL : acronym for computer-assisted* or aided learning 

CASNET r'ftcronym for causa iMassociative network. Experimental system 
for dealing with disease processes. Usually associated with a spe- 
cific application focussing on glaucoma 

CJausal model : model in which the causal relations among various 
1 1 actions and events are represented exj>licitly 

CBL : acronym for computer — abased learning ^ 

OMI : acronym for computer — managed instruction 

Computerized Vision : visual sense perceiition achieved by means of a 
computer making a concise description of a scene, depicted by an 
image. Tiiis is a process based on knowledge and guided by provi- 
sions, which makes use of models in order , to interpret Sensory data 

Configuration : the way in which various parte of a computer are to 
be arranged 

Courseware : A package comprising software, documentation and, where 
appropriaca, associated resoiirce material, intended to facilitt; 
classroom activities . 

CPU : Acronym for central pr'^pRSsing unit of the computer (i.e. the 
part that does the computing) 

Description : symbolic representation of useful information 

Digitalized image : Representation of an image as a mosaic of luminosity 
values 

Digitalized word : numerical representation of the word, in which the 
amplitude of the wave shape displayed by the word has 'been regis- 
tered at regular intervals 

Dynabook : early specification for a book-sized computer for education 
propu-^ed by Alan Kay 

Ethernet : local network for sending messages between computers by 
way af a single coaxial cable that snakes through all the computers 
to be connected. A coaxial cable consists of a central wire surrounded 
by a grounded cylindrical shielding sheath 

EXPERT SYSTEM : program allowing computers to draw conclusions 
starting from a knowledge base (contrasted to a data base). It has 
been structured according to human expert rules for a given domain 
(i.e. medicine, geology, financial planning etc.). It offers the user the 
benefit of the knowledge and experience of a nurr^ber of experts, 
under machine shape. Most expert systems are able to solve single 
problems quickly and to explain their own "reasoning", at few 
are able to break their own rules, to run simulations or to learn 
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Fifth dae^pfatioft : technplogiioal epfi intrpducing pr§sen$ and future inajor 
[J;^|^pical <prj9grpss. Includes th^ new super^eomputers, commercial 
use of artificial l^ntellige^ce, improV'Sd stppage syi^iiis. and inte^ 
grated circuits on a large scale / 

Flopping-disk : storage deviioe,, , Slaving ggftepaUy a capacity of 256 kiilp 
i byttes (1 kilo byte 1024 bytes); video-disk, hard-disk, video*la- 
ser-disk are new storage devices of extremely higji performance (it 
is considered that all dictionaries of current language could be 
stored on such a laser idisk) 

FORTRAN : acronym for formula translation. Early programming Ian- 
gUQ'^e that jsttU dominates scientific computing by virtue of the 
massive amount of accumulated software that has been written 
using it 

Gate-array technology : aipproaph to integrated ciirouit design. The cir- 
cuit designer adds specialiEing. detail to a partially wired array of 
basic circuit elements 

Hacker : person deyotp4 to i|r^trioate computer programming, particu- 
larly that programming done for its own sake an expert pro- 
gra?wn|ng ' , 

H^^ristic : anything that helps to guide problem solving. Use is general- 
ly restrict^ to those things that are not guaranteed to be 
successful'' " 

IC : acronym for integrated circuit. An individual 10 may contain tens 
of thousands transistors ' 

ICAI : acronym for intelligent computer-assi-sted instruction 

lOAL : acronym for intelligent computer-aided learning 

Interface : device used to allow communication between two equip- 
ments displaying different function;^ characteristics 

Knowledge base : basic storage of computer structuj -^ according to 
Iqigic and conqhision rules s& contrasted tg mathematical rules 
(based on data). The knowledge base has two essential components : 
1) grouping of facts which is not strudtured and 2) a groo^ping of 
r«ules relevant for determining new facts 

Knowledge engimeer : person wlio designs and builds expert systems 

Knpwledjge representation : a vocabulary of symbols and some conven- 
tioite'for arranging them so as to describe thl^ ' 

LED : acronym for light— emitting diode 

lijSP : ^onym for *Jist processing )ianguage\ Introduced in 1960 by 
John McCarthy. It was the first programming language to concen- 
trate on working with symbols instead of numbers. It is preferred 
by American programmers, because it can easily be prcgrammed 
synd for the surveying quantity it is able to absorb. Main competi- 
tor : Prolog 

LOGP : educajtion-oriejnted programming language, coiicei^'ed by 
S. Papert and his associates, intended (to help people to ?,earn about 
powerful sophlstioated ideas 

MACSYMA : lai^ge computer system developed by Y. Moses, MIT, for 
helping people, to do advanced applied atiathematics 
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META-DENDRAL : iearning sySftem designed to generate rules for 
DEiNDRAL (an early rule-basc^d expert system that helps determine 
organic-compound structure 'Using data from mass spectrometers and 
nuclear magnejtic resonance machines) 

Nand : aoronym for not and 

Naturiail language : part of the artificial intelligence dedicated lo the 
•use of comimands given in the normal language of the operator, 
Questions and answers are provided in a conversational style ; a 
machine using natural language will he capable to understand and 
solve grammatical! idiosyncrasies and either ambiguities 

Nor : acronym for not or 

Object-oriented language : a programming language in which procedures 
for doing things are accessed through descriptions of the things 
to be worked on. E.g. : SIMULA, a programming language inten- 
ded for simulation work 

PASCAL : popular general-oriented, high-level programming language^ 
descendant from ALGOL . 

PC : acronym for personal computer, i.e. a computer that is powerful 
enough to be user-friendly and inexpensive enough to be nonshared 

Pixel : acronym for picjture element 

PROLOG : acronym for Programmiing LOGIC : Language chosen by the 
Japanese for the fifth generation of computers and developed in 
Europe in the 1960's 

REASONING MOTOR : Program capable to substitute a human expert, 
conducts oonfolding of possible deductions to be made with the 
help of a fact base. The use of .such a program implies (the prior 
existence of an adequate knowledge base 

Rule-based system : system in which knowledge is stored in the form of 
simple if-then or condition-action rules 

Terminal : equipment for communioa,tion between the operator — who 
is usually at a certain distance — and the computer system 

VLSI : acronym for very-large-scale integration, the process of pro- 
ducing integrated circuits containing tens of thousands of electronic 
devices 

Work station : computer system that acts as a partner to a person, in 
work or play, greatly facilitating productivity. 
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1. ACCESS TO HIGHER EDUCATION 
IN EUROPE 

(English, P'rench, Russian, 1981) 

INTERUNIVERSITY CO-OPERATION 
IN THE EUROPE REGION 

(Englisli, French, Russian, 1981) 

3 HIGHER EDUCATION AND 
ECONOMIC DEVELOPMENT IN 
EUROPE — 1975—1980 

(Statistical and Economic Study, two 
\'olumes, Bingli'sh and French, 1983) 

4. EFFICIENCY IN HIGHER 
EDUCATION 

(English, 19B6) 

5. PLANNING IN HIGHER EDUCATION 

(Englisli, 198(3) 

6. HIGHER EDUCATION AND 
Ki:SEARCH 

(English. 198G) 

7. UNIVERSITY TEACHING AND TH^. 
TRAINING OF TEACHERS 

(Confc^ronco Proctn-dings, English, 1987) 

H. INTERNATION/ L DIRLCTORY OF 
HIGHER EDUCATION RESEARCH 
INSTITUTIONS 

(English. 1987) 
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